* 








LETTERS 


Sir: 

I wonder if some of your readers can 
help me identify the stars Mu, Eta, and 
(Flamsteed number) 1 Geminorum. There 
appears to be disagreement among as- 
tronomical writers as to their names. 

Olcott! gives the name Tejat to Mu and 
Propus to Eta. In the latter instance he 
agrees with Webster's International Dic- 
tionary, which, however, gives no proper 
name to Mu. 

Sut these two disagree with 
writers of the early 19th century. Burritt? 
calls Eta Tejat and 1 Propus. McKay 
agrees with Burritt on Propus (to which 
he gives the letter H), but has no names 
for Mu and Fta. 

This sort of thing gets complicated after 
a while, so perhaps it can best be dem- 
the adjoining table. 
confusion should 
It is one of 


sources 


onstrated by 

In a 
exist with regard to Propus. 
the few star names of Greek origin, and 
the meaning should therefore be clear. It 
is a combination of two words, pro, pre- 
ceding, and pous, foot, so that it can be 
translated as “the preceding foot.” 

But with just as much justification, it 
could easily be translated “preceding the 
Procyon is some- 


sense, no such 


foot” — precisely as 
times translated “the preceding dog” and 
sometimes “preceding the dog” — Sirius 
being called kuon, dog, in Greek. It is 
my belief that most authorities agree on 
the latter sense: “preceding the dog,” in 
the case of Procyon, and, by analogy, it 
appears that Propus should be attributed 
to the star 1 rather than Eta. 

It is unfortunate that the Trapezuntius 
Almagest, from which the designations 
in the table have been taken, is in 


Latin. Had it been in Greek, I should 
probably have had no problem, since the 
name Propus probably appears in the 
Greek manuscripts. I have been unable 


to examine (or even to find!) a copy of 
the Almagest in Greek. 

As to the name “Tejat,” I have no 
opinion either way. I do not know what 
the name means, although I think it may 
possibly stem from the same root as the 
Arabic word for “bottom” or “below.” 

Needless to say, I have examined other 
authorities besides those mentioned above, 
but find the data either omitted or equiv- 
ocal, 

SIDNEY I. SCHEUER 
675 West End Ave. 


New York 25, N.Y. 
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Source Date Mu Eta 1 Gem. 
Olcott 1914 Tejat Propus 

Webster 1923 Propus 

Burritt 1843 Tejat Propus 
McKay 1801 Propus 
Lalande4 1771 “heel of Castor” “foot of Castor” 


Ptolemy® (1528) “which is fixed in “which is the end “which precedes the 
the same foot follow- of the foot of the end of the foot of the 
ing (Eta)” preceding Twin” preceding Twin” 

de la Hire® 1770 (shown on map as (shown on map as_ (shown on map as toe 


ankle of Castor) heel of Castor) of Castor) 
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Trends in Astronautics 


By KENNETH W. GATLAND 


Design Department, Hawker Aircraft, Ltd. 


ITHIN RECENT YEARS, 


the rocket has become a re- 


search instrument of immense 
value. The adaptation of the German 
A-4 (V-2) rocket for high-altitude 


sounding by the United States armed 
forces in 1946 and the subsequent de- 
velopment, in America, of rocket ve- 
hicles such as the WAC Corporal and 
Aerobee have already led to signal ad- 
vances in many fields of science. 

Whereas the ceiling for direct atmos- 
pheric investigation was previously lim- 
ited to 25 miles, the maximum altitude 
that could be reached by free balloons, 
the rocket is now permitting research 
to extend almost into space itself. The 
introduction of A-4 immediately raised 
the level of observation to 70 miles, and 
records have since been effectively tele- 
metered from altitudes above 100 miles. 
In February, 1949, we witnessed the 
first demonstration of a_ high-altitude 
step-rocket in which a V-2 was used as 
a booster for a WAC Corporal. The 
resulting climb of the final step to a 
point fully 250 miles from the earth’s 
surface gives an indication of the vast 
possibilities which now exist. 

Here, indeed, we have already the 
basis of future flight into space, for as 
rockets of greater range are produced 
for altitude sounding, so will the im- 
proved performance help to obtain three 
initial targets in the development of as- 
tronautics: the close-orbit earth-satellite 
vehicle, the extraterrestrial instrument 
vehicle, and a one-man research rocket. 

There is, in fact, already existing in 
the United States a program for the 
first,! while Smith and Ross of the Brit- 
ish Interplanetary Society have given us 
an interesting conception of a vehicle 
to test human reactions to rocket flight, 
using A-4 as a basis, which it is reason- 
ably claimed could be produced after 
five years preliminary experiment.” 

These first manned rockets will en- 
able the physiological problems related 
to acceleration and zero gravity to be 
studied directly. Investigation of the 
occupant’s ability to carry out certain 
duties ascribed to him in the testing 
procedure under the most adverse of 
these conditions will be possible and 
improvement made to the means already 
devised to counter possible ill effects. 

The space rocket may therefore be ex- 
pected to evolve to a well-defined plan 
and not, as is so often inferred by the 
lay press, in a single “do-or-die” attempt 
to navigate moonwards. In fact, the 
much-vaunted “moon expedition” will 
be the climax rather than the beginning 
of a series of initial objectives in the 


development of scientific rocketry, and 
an analysis of the situation related to 
present standards of engineering and 
chemistry shows that its realization is 
probably still the best part of half a 
century away. 

The establishment of an instrument- 





carrying rocket in a close orbit around 
the earth is clearly the initial target. 
The program in America to develop 
such vehicles was initiated in 1946, 
after examination had been made, at 
Peenemunde and other rocket research 
centers throughout Germany, of reports 
and design recommendations, and 
through the interrogation of prominent 
technicians by United States and Brit- 
ish intelligence teams. 

One of the more interesting design 
studies found in Germany was, of 
course, the A-9/A-10 project, in which 


Expendable construction is here exemplified in a three-step rocket designed by 


the author for a close-orbit earth satellite. 


The weight of the rocket leaving the 


ground is 325,000 pounds; the instrumental payload of the final step is 110 pounds. 
The first parts jettisoned are the nose tanks shown flying apart in this model. 
Crown copyright reserved. 
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it was sought to extend the range of a 
modified, winged A-4 to the Atlantic 
seaboard of the United States. This 
was to be achieved by providing the 
rocket with a 68-ton booster, intended 
to reach the “all-burnt” condition at an 
altitude of 80,000 feet and give the 
A-9 a starting velocity of approximately 
3,900 feet per second. After the booster 
had jettisoned, the winged rocket, con- 
tinuing the climb, would reach a final 
velocity of 4,200 feet per second and, 
being then in highly rarefied atmosphere, 
the missile would follow a_ ballistic 
curve. Returning to denser air, aero- 
dynamic controls would terminate the 
dive at a height of 28 miles. The ve- 
locity would then have risen to almost 
11,750 feet per second and, with this 
large amount of kinetic energy to dis- 
sipate, the estimated gliding range of 
3,000 miles for A-9 can be believed. 

The A-9/A-10 project was a fairly 
advanced conception,? and had it ac- 
tually been produced, we might at least 
have known something about human re- 
actions over a wide range of accelera- 
tion, for it had been seriously suggested 
that, for test purposes, the A-9 should 
be provided with a pressure cabin and 
pilot and at the end of its flight be 
landed on a conventional undercarriage. 
Not only would the pilot experience 
zero acceleration conditions over the free 
path of the trajectory but, of course, a 
severe induced “g” during the flatten- 
ing out of the dive. And added to his 
discomfort at this period would be a 
rather .warm cabin, arising from skin 
friction. A maximum local stagnation 
temperature of 7,000° absolute would 
result at the beginning of the glide 
which, despite reradiation effects, would 
still be severe. 

A similar, though in some ways even 
more drastic technique was suggested 
by Saenger in his supersonic bomber 
project.4 Here, the vehicle, returning 
to denser atmosphere, was literally to 
bounce on the lower layers of the air 
and in being thrown upward again to 
describe a sort of wave-shaped trajec- 
tory, much the same as a flat stone will 
follow if ricocheted across the water. 
Each plunge into the denser air would 
result in part of the kinetic energy being 
consumed, so that the initially long 
jumps would gradually become shorter, 
finally to transform into an even gliding 
flight. Altogether, these proposals ap- 
pear to exceed to some degree the worst 
physiological conditions ever considered 
for interplanetary flight. 

A further proposal attributed to von 
Braun was for an orbital rocket, to 
materialize in a second booster stage be- 
hind A-10 to place an improved A-4 in 
a circular orbit at 400 miles. At that 
altitude the final rocket would be 
brought to horizontal flight where, bal- 
anced against gravity, it would remain. 
The rocket’s velocity parallel to the sur- 








The largest rocket to receive engineer- 

ing consideration, the German A-9/ 

A-10. A modified winged V-2 was to be 

provided with the 68-ton booster rocket 

in the lower half of the picture. Crown 
copyright reserved. 


face is the square root of g r?/s, where g 
is the mean gravitation of the earth, r 
the radius of the earth, and s the dis- 
tance of the rocket from earth’s center. 

It is evident that the first example of 
an orbital rocket will be a step-rocket 
with a very modest instrumental pay- 
load, possibly to reach its orbit at be- 
tween 400 and 500 miles. ‘The many 
practical problems accompanying its de- 
sign are already receiving detailed con- 
sideration, and as these are of a funda- 
mental scientific nature some relevant 
reports will be made publicly available. 

One of the first by-products of this 
work is a comprehensive theoretical 
analysis of the nature and extent of the 
atmosphere. The importance of such 
investigation is obvious, for the orbital 
rocket is effective only in its location 
“outside the atmosphere.” The vehicle 
will exist as a satellite without expendi- 
ture of power only when there is no 
drag along its orbital path. Whereas 
the density of the atmosphere may be 
insignificant on the flight of an inter- 
planetary rocket because of its small 
traverse time, the orbital rocket will 
travel for months, even years, on the 
same path and even an infinitesimal at- 
mosphere would have an accumulative 
effect on the missile, which may be suffi- 
cient to upset the orbital balance and 
ultimately to cause its return to earth. 

In developing any study of space 
flight, one is often confronted by ques- 
tions which to the layman appear to be 
the last word in logical contempt. How, 
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for example, can we discuss so calmly 
a moon flight extending 240,000 miles 
when the farthest we have so far been 
able to project a rocket is 250 miles? 
Clearly, to the uninformed, this does 
seem a most plausible argument. With 
space flight, however, one must empha- 
size that, given unlimited time, it is not 
distance that matters but velocity, for a 
rocket that can attain a minimum of 
seven miles per second will defeat the 
earth’s gravity and never return. 

This velocity can effectively be built 
up by using a series of chemical step- 
rockets. “The boosters jettison progres- 
sively, contributing a high fraction of 
escape velocity to the small instrument 
rocket in the nose that achieves final 
release from the earth. Having served 
their purpose in building up velocity the 
boosters, of course, drop back to the 
ground. Meanwhile, the final step 
coasts across space without any further 
expenditure of energy. 

Thus, the stage beyond the orbital 
rocket may be a guided missile either to 
strike the moon’s surface or, more sen- 
sibly, to take up an orbital path around 
it. The latter result would, of course, 
be more exacting in the control tech- 
nique but nevertheless infinitely more 
worthwhile as a scientific experiment. 
It may even be possible, with compara- 
tively light equipment, to transmit ra- 
dio pictures of the Junar surface back to 
the earth, including large areas that are 
hidden from our direct view. However, 
this interesting prospect is not likely to 
arise very early in the development of 
space missiles because of the heavier 
payload and the delicate control and 
telemetering techniques involved. 

A paper by Malina and Summerfield 
has shown that escape velocity can be 
obtained by guided missiles with any 
number of the available propellants by 
proper choice of the number of steps.® 
As an example, an acid-ariline rocket 
having a gross mass of 823,000 pounds 
and consisting of five steps could project 
away from the earth a payload of 10 
pounds. Alternatively, an acid-aniline 
rocket having 10 steps could produce 
the same result with a gross mass of 
136,000 pounds. In both these cases, 


the structural factor, 
structural weight 





structural weight + propellant weight, 


was taken as 0.25. Proportionately bet- 
ter initial takeoff masses are derived in 
other selected cases using oxygen-ethanol 
and oxygen-hydrogen. For the last, the 
structural factor was increased to 0.33, 
five steps requiring only 8,320 pounds 
at takeoff. 

The instrumental device proposed, 
which it was thought could be built 
within the 10-pound limit, was a small 
radar-beacon transmitter and an elec- 
trical pickup for measuring a single 
quantity — cosmic ray intensity, for ex- 








Radar signals coula be sent to 


ample. 
such a rocket during flight by means of 
a ground transmitter similar to that 
which has already been used to reflect 


back echoes from the moon. The radar 
beacon in the rocket’s final step is in- 
tended to “reflect” the signal back to the 
receiver on the earth, thus providing 
data on the missile’s trajectory. The 
values of cosmic ray intensity taken dur- 
ing flight could be incorporated in the 
return signal from the radar beacon. 

This possibility alone puts an excel- 
lent case for the early development of 
extraterrestrial rockets. With the fur- 
ther prospect of a light regenerator, 
converting solar heat to electrical en- 
ergy in a continuous operating cycle, 
transmission between the rocket and the 
earth should be possible over much 
longer periods. 

The reduction in mass for oxygen- 
hydrogen fuel as compared with the 
acid-aniline five-step rocket emphasizes 
the importance of developing practical 
high-performance rocket systems. With 
careful design, however, experiments of 
a unique and fundamental nature could 
effectively be carried out in interplane- 
tary space with present-day conventional 
propellants. It is, of course, likely that 
such research vehicles will arise from the 
earth-satellite studies, for once even a 
primary orbital vehicle is established, the 


step beyond that to a guided missile 
capable of liberating itself completely 
from the earth is comparatively small. 

To obtain these deeper penetrations 
into space will require not only multiple 
step-rockets but even more drastic tech- 
niques, such as expendable construction 
of the individual steps, where the pro- 
jection of heavier payloads is involved.’ 
It is proposed to break down the for- 
ward portion of the rocket hull into 
separate tank stages which jettison pro- 
gressively as propellant is consumed. 
Each stage consists of two half-cylindri- 
cal tank bays with integral structure 
which on assembly form an efficient hull. 

The component tanks are locked to- 
gether with explosive ties and pressure 
balance is provided between them, al- 
lowing the use of light diaphragms for 
the backing panels. “The separate stages 
have conical noses, both to afford some 
streamlining effect in the early part of 
the ascent, and to provide a light method 
of jointing, since all tanks are faced to- 


gether. End loads would normally be 
transmitted through external jointed 


longerons to which the tank bays are 
directly anchored. An example of the 
type of construction envisaged is pic- 
tured here. 

In the conventional rocket, such as 
A-4, and more significantly with the 
simple step-rock2t of which the 
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In July, 1948, the author 
published this diagram 
of an expendable-tank 
step-rocket designed for 
a piloted circumnaviga- 
tion of the moon. It is 
conceived as having 
only one power unit, us- 
ing propellant drawn 
from tank sections 
which expend succes- 
sively from the nose. 
Rotation of the rocket 
furnishes the centrifu- 
gal force needed to de- 
tach the tanks when 
their content of fuel is 
exhausted. The pres- 
surized crew chamber 
houses the crew, con- 
trols, provisions, and the 
like, and it can be de- 
tached and landed by 
parachute once the main 
vessel has returned to 
the atmosphere. Cour- 
tesy, “Journal” of the 
British Interplanetary 
Society. 


A-4/WAC Corporal is an early ex- 
ample, the payload is carried in the nose 
of the rocket. Therefore, the tank 
structure has to support, in addition to 
its own weight plus that of propellant, 
the loads induced by the payload which, 
of course, increase as acceleration in- 
creases. However, in the case of the 
expendable rocket, the payload is sup- 
ported directly by the motor thrust 
mounting and the tank structure has to 
support merely its own weight plus 
propellant. In addition, the tanks and 
supporting structure, which are integral, 
are jettisoned immediately they are 
emptied of propellant, thereby eliminat- 
ing the need for accelerating unneces- 
sary dead weight in the individual steps. 

Whereas it is theoretically possible 
for a pilotless rocket to escape from the 
earth, the same cannot yet apply to man- 
carrying vehicles. Indeed, the power 
requirements for manned interplanetary 
flight are so great, principally because 
of the need for the vehicle to carry re- 
turn fuel, that chemical propellants may 
never be adequate. 

The application of what have become 
known as “orbital techniques” may help 
to relieve this situation.8 ‘The idea is 
simply that pilotless rockets would be 
used to build up a store of propellant in 
a stable orbit around the earth, which 
thus would represent a substantial po- 
tential energy toward gaining release 
velocity. If, for example, the required 
altitude is 500 miles, the propellant 
would be delivered into the orbit and 
stored at a velocity of 18,600 miles per 
hour. 

The actual escane vehicie, containing 
crew and equipment, would then be 
made to rendezvous in the orbit with 
the “tankers,” when the propellant 
would be transferred. There is the fur- 
ther possibility, with regard to a future 


moon flight, of sending _ pilotless 
“tanker” rockets into a circumlunar 
orbit. 


Even assuming the use of an applied 
form of atomic energy,’ it appears likely 
that orbital techniques will still play a 
prominent part. Indeed, it is in a com- 
bination of atomic and chemical drive 
that we may find our main solution. 

The type of vehicle envisaged is a 
composite rocket (see the front cover) 
comprising a main propulsion stage, in- 
corporating the atomic reactor, and a 
small chemical rocket which contains 
the crew. These rockets are first es- 
tablished in a suborbit of the earth, be- 
ing driven out as complete units or pos- 
sibly, in the case of the former, as- 
sembled in space from _ prefabricated 
sections. The atomic section of the ve- 
hicle is employed purely as a means of 
propulsion between planets, entering a 
suborbit at both ends of the flight; land- 
ing is achieved by the small chemical 
rocket in the nose. 

After completing the mission, the 
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chemical rocket relinks with the parent 
vehicle which propels it back to a cir- 
cumterrestrial orbit. 

In the case of a moon flight, a vertical 
descent to the lunar surface is entailed, 
using reverse rocket braking in conjunc- 
tion with a radar altimeter and landing 
legs; the final return to earth, on the 
other hand, would involve both rocket 
and aerodynamic braking, methods of ap- 
proach which are not easily satisfied by 
the same vehicle. It is possible, therefore, 
that a form of rocket glider (similar to 
the German A-9), previously brought up 
into the orbit, would be employed at the 
earth end, and into this the crew would 
be transferred after the two vehicles had 
been brought to proximity. The com- 
plete composite rocket would thus be re- 
tained in space and after being serviced 
and refueled it couid be used again. 

The successful application of these 
techniques, of course, presupposes the 
development of intricate guidance and 
control equipment. It must be remem- 
bered, however, that an orbital or 
satellite rocket would exist in a condi- 
tion of free gravitation. So long as the 
location system were sufficiently accu- 
rate for the two vehicles to be placed in 
matching orbits and homed to prox- 
imity, their relative speeds could be 
brought to zero and they would remain 
together. A direct linkage might then 
be achieved with no more elaborate 
equipment than a small line-carrying 
rocket fired from one vehicle to the other, 
perhaps homing automatically into a 
target cage. Then, not only could pro- 
pellant transfer be achieved and space- 
suited crew members exchanged but two 
components of a composite rocket might 
faitky easily be joined. If necessary, it 
would be possible for men to work out- 


side the vehicles and to move themselves 
around the area with the aid of minia- 
ture rocket units. 

The unique properties of the suborbit 
are not widely appreciated, and al- 
though their consideration may seem 
reminiscent of science fiction, the whole 
theory is nevertheless clearly defined. 
The development of rockets over the 
coming decades may therefore introduce 
the possibility of a meteorological sta- 
tion of unique coverage; an astronomical 
observatory with greatly improved visi- 
bility; a radar beacon; a television relay 
station or a set of three stations 120 de- 
grees apart to serve the entire planet; 
chemical and biological research labora- 
tories, with extreme temperatures and a 
“hard” vacuum available. 


Concerning the effect of astronautics 
on human society, it is asked, for ex- 
ample, “Why fly to the moon?” It is 
obvious, of course, that the moon is the 
nearest body in space and the easiest to 
reach. But to appreciate the reasons for 
space flight beyond the purely scientific 
aspect one must understand the motives 
that underly all human conduct.!° The 
predominant impulse of men throughout 
the ages has been the quest for positive 
knowledge. Some have embarked on 
daring explorations across the world 
while others have made equally momen- 
tous journeys with pencil and paper. 
The urge to discover, to explore, is a 
primary impulse. 

Man’s relentless endeavors have re- 
sulted in the earth giving up many of 
its secrets, and interest is now ranging 
to worlds beyond. But the quest for 
knowledge and the advancement of sci- 
ence, important though these may prove, 
are not necessarily the primary benefits. 
It is in this realization that astronautics 





and astronomy should travel a common 


road. Flight into space will not only 
remove the limitations that have hith- 
erto been imposed on instruments by the 
earth’s atmosphere, opening up entirely 
new fields for scientific study, but 
through the interpretation of astronomi- 
cal knowledge it should greatly assist in 
raising the level of human consciousness. 
In this writer’s opinion, an enrichment 
of experience far exceeding anything 
Man has ever previously known must 
be the cardinal benefit of space flight. 
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Yale-Columbia Southern Station to Move to Australia 


Australian astronomical activity has 
been expanding in recent years. The 
Commonwealth Observatory at Mt. 
Stromlo near Canberra, under the direc- 
tion of Dr. Richard van der Riet 
Woolley, promises to become one of the 
important astronomical centers in the 
Southern Hemisphere. Within the next 
few years, a 74-inch reflector and a 
powerful Schmidt telescope will be 
added to the observatory’s equipment. 

As a result of Dr. Woolley’s initiative, 
other institutions have been invited to 
set up their instruments on Mt. Strom- 
lo. Among these, Yale and Columbia 
universities and the Swedish Univer- 
sity at Uppsala have decided to accept 
the Australian offer. It was announced 
recently that the Yale-Columbia south- 
South 


ern station in Johannesburg, 
Africa, will soon be transferred to Mt. 
Stromlo. 


The two American universities had 
been searching South Africa for a new 


location for their southern station when 
the Australian government extended its 
invitation. The rapid growth and in- 
dustrialization of Johannesburg caused 
city lights and smoke to hinder astro- 
nomical observations. The new location 
should never be similarly hampered, for 
a recent act by the Australian parlia- 
ment forbids the industrial or residen- 
tial development of the area. 

The principal instrument of Yale- 
Columbia is the 26-inch Yale telescope, 
in operation since 1925 on the grounds 
of the University of the Witwatersrand. 
Since 1946 the station has been operated 
jointly by Yale and Columbia. The 
Australian government will construct a 
dome to house the telescope, which will 
be shipped as soon as the new housing 
and living quarters for observers are 
available. 

All of the institutions co-operating in 
the new plan will install equipment of 
their own and maintain staffs in the ob- 
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servatory. The astronomers will work 
independently, but will have the benefit 
of the pooling of instruments and the 
interchange of ideas through scientific 
discussion. The proximity of the newly 
founded Australian National University 
in Canberra is expected to add to the 
significance of Mt. Stromlo as an astro- 
nomical research center. 

It is hoped that in an exchange of 
students Australian students will come 
to the United States for a year or two 
of specialization in physics, mathematics, 
and other work of basic importance to 
astronomers, a:id American candidates 
for the doctor of philosophy degree will 
go to Australia to make astronomical 
observations in the southern skies. 

Yale University Observatory has re- 
cently completed its zone catalogues, 
covering to the 9th magnitude one half 
of the sky, from +30° to —30°, a 
project that has been under way for 
nearly 25 years, directed by Dr. Ida Bar- 
ney. Positions were measured for 128,- 
000 stars, mostly on South African plates. 
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TERMINOLOGY TALKS-!L Hucu Pruett 


Mean Solar Day 

Modern civilization must have far 
more accurate chronometers than sun- 
dials are, and we must have the time on 
other occasions than just during “the 
sunny hours” of clear days. Accord- 
ingly, our clocks and methods of time- 
keeping are based on an average time. 

We imagine a fictitious sun that glides 
eastward along the celestial equator 
(not. the ecliptic along which the real 
sun appears to move) at a perfectly 
even pace. The intervals of meridian 
crossing from one day to the next are 
exactly the same for every day of the 
year. ‘This fictitious sun is the mean 
sun, and the day based upon it is the 
mean solar day. 

Mean Solar Time 

Two factors are involved in time- 
keeping: the rate of the clock and the 
time to which it is set. The rate at 
which the mean sun travels is the one 
at which we strive to have our ordinary 
civil clocks operate. ‘They keep mean 
solar time. 

Local and Standard Times 

Inasmuch as the sun (or the mean 
sun) can be on only one meridian at 
any one instant, observers east and west 
of each other do not have the same /ocal 
time. A location only a mile to the 
east or west of you has a slightly differ- 
ent local time, and for every 15 degrees 
of longitude this difference amounts to 
an hour. (The local time concept ap- 
plies to the stars also, and each observa- 
tory has and uses its own local sidereal 
time. ) 

In the United States, the confusion 
of local times was set in order in 1883 
by a standard time system that divides 
the country into four zones. Standard 
time is the local time of a particular 
meridian of longitude, those of 75°, 90°, 
105°, and 120° west longitude being 
used for Eastern, Central, Mountain, 
and Pacific standard times, respectively. 
Eastern time is an hour faster than 
Central; Central is two hours faster 
than Pacific. 

Today the entire world is divided 
roughly into 24 time zones, although 
some countries do not use an even hour 
as their standard time. All standard 
time clocks are rated to keep mean solar 
time, and at noon a standard time clock 
shows when the mean or fictitious sun 
is on the meridian of that standard time 
zone. 

Universal Time 

Navigators, astronomers, and_ scien- 
tists in many fields must have a standard 
reference time, and this has long been 
adopted as that of the meridian running 
through Greenwich, England, where 
the Royal Observatory has until re- 
cently been located. The term Green- 
wich civil time has now been replaced 


by Universal time, but these two are 
quite equivalent. Universal time is the 
local mean solar time of the meridian 
of 0° of longitude. 

In the United States, our standard 
clocks run slower than Universal time 
by even numbers of hours. Thus, to 
convert Universal time to Eastern stand- 
ard, you must subtract five hours. For 
Pacific standard time subtract eight 
hours from Universal time. 

The local time of any observer’s sta- 
tion is also easily obtained from Uni- 
versal time, for the difference is equal to 
the longitude expressed in time units. 
Thus, an observer at 92° 12’ 30” west 
longitude has a local time 6 hours, 8 
minutes, and 50 seconds slower than 
Universal time. 

Equation of Time 

Since mean time is an average, it is 
clear that when a clock reading local 
mean time indicates noon the apparent or 
true sun will not always be on the 
meridian. At times when the sun is 
moving most rapidly eastward in the 
sky from day to day, a solar day is 
longer than average, and the accumula- 
tion of many long solar days will cause 
the apparent sun to become quite slow 
by the clock compared to the mean sun. 
At other times it will be fast, and will 





cross the meridian ahead of the mean 
sun. This difference between the times 
kept by the apparent and mean suns (the 
difference in their hour angles) is known 
as the equation of time. 

There is considerable confusion as to 
when the equation of time should be 
positive or negative. The American 
Ephemeris defines this quantity as “the 
apparent time minus the mean time.” 
This indicates that if the true sun is 
ahead of (west of) the fictitious sun, 
the equation of time will be positive; 
if behind, then it is negative. ‘The 
cquation of time is, then, the amount to 
be added — with proper treatment of 
signs — to the mean time to obtain the 
apparent or real sun time. 

Scrutiny of recent astronomy texts, 
however, shows that while some now 
use the definition just given, several still 
have the old definition of “mean minus 
apparent.” This changes the sign of 
the equation of time as given in the 
Ephemeris and requires different han- 
dling. The writer strongly favors the 
official usage first defined above. 

On December Ist, the equation of 
time this year is given as +11” 16°.22. 
This means that the sun in the sky 
crosses the lower meridian of Green- 
wich about 1114 minutes before a Uni- 
versal time clock (Greenwich civil 
time) reads midnight. Inasmuch as the 

(Continued on page 50) 





Places having the same longitude have the same local time. This chart divides 
the globe into sections of 10 degrees or 40 minutes in local time difference. 
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Amateur Astronomers 


AAVSO ANNUAL MEETING AND SOME HIGHLIGHTS 


HE 39th annual meeting of the 
American Association of Variable 
Star Observers was on October 13th 
and 14th at Harvard Observatory, 
Cambridge. Friday evening’s speaker 
was Dr. C. W. Gartlein, of Cornell 
University, who discussed current theo- 
ries of the aurora, and reported on his 
own observational work. Lapse-time 
motion pictures of northern lights dis- 
plays were shown, and proved of great 
interest to Dr. Gartlein’s audience. He 
concluded with colored lantern slides. 
Saturday was devoted to business and 
paper sessions. “~The AAVSO president 
and chairman of the solar division, Neal 
J. Heines, discussed the condition of the 
present sunspot cycle. Solar activity has 
declined gradually but consistently this 
year, although the sun had not, up until 
the middle of October, been completely 
devoid of spots at any time. Mr. Heines 
reported that he had been able to ob- 
tain a few predictions from various per- 
sons of the date for the coming sunspot 
minimum, and these are quoted from 
his report: the National Bureau of 
Standards (Central Radio Propagation 
Laboratory), early 1955; M. Wald- 
meier (Zurich), 1955; W. Gleissberg 
(Istanbul, Turkey), not sooner than 
1954; H. W. Newton (Greenwich Ob- 
servatory), 1954-55; Stewart and Cook 
(Princeton University), 1954.6, with 
the further comment that 1955 will be 
the minimum year although 1956 is by 
no means precluded, and 1954 is possible 
if the next cycle should start hard on 
the heels of the current one. Mr. 
Hein’s himself gives 1954.7-1955.3. 
The American relative sunspot num- 


bers for five months of 1950 are: April, 
139.5; May, 129.8; June, 99.3; July, 
104.7; and August, 106.8. “These were 
determined at the National Bureau of 
Standards, Central Radio Propagation 
Laboratory, Washington, D. C. 

At the annual dinner, Dr. Harlow 
Shapley, director of Harvard Observa- 
tory, gave his traditional outline of some 
astronomical highlights of the year from 
November, 1949, to October, 1950. He 
commented on the proposed high-alti- 
tude observatory to be located in the 
Himalayas, three miles above sea level; 
on the discovery of Chubb Crater, pos- 
sibly meteoritic, in Quebec; on the 
measurement of the diameter of Pluto 
using the 200-inch telescope; on the 
celebration this year of the centennial 
of the first star photograph. ‘The work 
of Dr. Eugene Rabe, of Cincinnati Ob- 
servatory, in determining a new value of 
the solar parallax, analyzing observa- 
tions of Eros with punch-card_ tech- 
niques, and of Dr. O. J. Eggen, of Lick 
Observatory, in deriving highiy accu- 
rate colors and luminosities for nearby 
stars with photoelectric methods, were 
discussed. The addition of Proxima 
Centauri to the list of four previously 
known flare stars, and the increase to 
50 of the number cf known radio stars, 
the latter chiefly as a result of British 
and Australian observations, are high- 
lights of this past year. Among instru- 
mental developments Dr. Shapley men- 
tioned the initial work of the new two- 
mirror Schmidt telescope at Mills Ob- 
servatory, St. Andrews University, in 
Dundee, Scotland, first instrument of 
its kind to go into operation. 


THIS MONTH’S MEETINGS 


Buffalo, N. Y.: The Amateur Telescope 
Makers and Observers of Buffalo will meet 
on December 6th and December 20th, both 
Wednesdays, at the Buffalo Museum of 
Science. On the 6th Kurt Stehling will 
talk on “Rockets.” The second December 
meeting will be addressed by Raymond 
Missert, telling the story of “Russell Por- 
ter’s Garden Telescope.” 

Cambridge, Mass.: The Bond Astronom- 
ical Club will meet on Thursday, Decem- 
ber 7th, 8:15 p.m., at Harvard Observa- 
tory. Dr. Alice Farnsworth, of Mt. Hol- 
yoke College, will speak on “Moon Map- 
ping.” 

Chicago, Ill.: The December meeting of 
the Burnham Astronomical Society will 
be held on Sunday, the 10th, at the Adler 
Planetarium at 2:30 p.m. F. W. Schlesing- 
er, of the Adler Planetarium, will discuss 
“The Star of Bethlehem.” Annual elec- 
tion of officers will be held. 

Cleveland, Ohio: “An Astronomical 
Visit to South Africa” will be the topic of 
Dr. John Irwin, of Goethe Link Observa- 
tory, at the December 15th Christmas 
party meeting of the Cleveland Astro- 
nomical Society, at 8 p.m. in the Warner 
and Swasey Observatory. 

Detroit, Mich.: On Sunday, December 
10th, 3:00 p.m. in State Hall at Wayne 
University, Dr. Leo Goldberg, of the Uni- 
versity of Michigan, will speak on “The 
Programs and Work of the University of 
Michigan Observatories,” at the meeting 
of the Detroit Astronomical Society. 

Geneva, Ill.: The Fox Valley Astro- 
nomical Society will hold its Christmas 
party at the Geneva public library on 
Tuesday, December 5th, at 8 p.m. Profes- 
sor Clarence R. Smith will lecture on 
“Sand Dunes of Indiana.” 

Indianapolis, Ind.: At the meeting of 
the Indiana Astronomical Society on De- 
cember 3rd, 2:15 p.m. in Cropsey Hall, Dr. 
John B. Irwin, of Indiana University, will 
speak on “South African Observations.” 

Madison, Wis.: “The Andromeda Neb- 





Members and guests at the meeting of the American Association of Variable Star Observers, October 14, 1950. 
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ula and the Galaxy” will be discussed by 
Dr. A. E. Whitford, of Washburn Observ- 
atory, at the December 13th meeting of the 
Madison Astronomical Society, 8:00 p.m. 
at the observatory. 

Minneapolis, Minn.: “Weather for the 
Man on the Street” will be discussed by 
W. S. Frantzich at the meeting of the 
Minneapolis Astronomy Club on Wednes- 
day, December 6th, 7:30 p.m. in the Li- 
brary Science Museum. 

New York, N. Y.: The Amateur Astron- 
omers Association will meet on Wednes- 
day, December 6th, in the Roosevelt Mem- 
orial building of the American Museum of 
Natural History at 8:00 pm. Dr. Willard 
J. Pierson, Jr., of New York University, 
will speak on “Ocean Waves from East 
Coast Storms.” 

On Friday, December 15th, at 8 p.m., 
Dr. I. Epstein, Rutherfurd Observatory, 
Columbia University, will speak on “In- 
terstellar Matter,” to the Junior Astron- 
omy Club, in the American Museum of 
Natural History. 

Pittsburgh, Pa.: N. J. Schell will speak 
on “Reflecting Telescope Improvements, 
Including Off-Axis Types,” at the meet- 
ing of the Amateur Astronomers Associa- 
tion of Pittsburgh at the Buhl Planetari- 
um, Friday, December 8th, at 8 p.m. 

Rutherford, N. J.: The Astronomical 
Society of Rutherford will meet on De- 
cember 7th in the Y.M.C.A. at 8 o’clock, 
when Paul J. Hagar will discuss ‘“First- 
Magnitude Stars.” 

Stamford, Conn.: On December 15th, 
Donald S. Kimball, of Yale University 
Observatory, will lecture to the Stamford 
Museum Amateur Astronomers’ on 
“Auroral Forms and Methods of Observ- 
ing,” at 8:00 p.m., in the Stamford Muse- 
um. 

Washington, D.C.: Dr. Carl C. Kiess, 
of the National Bureau of Standards, will 
speak on “What We Learn from Comets,” 
before the National Capital Astronomers 
on Saturday, December 2nd, in the Com- 
merce Building auditorium at 8:00 p.m. 

Worcester, Mass.: William G. Fagan 
will address the meeting of the Aldrich 
Astronomical Society on Tuesday, De- 
cember 5th, in the Natural History Society 
building at 8:00 p.m. 


STARLIGHT 


Starlight is a faint speech 
Made dim by distance 
Yet able, far diffused, to reach 
Across vast ranges of existence: 
Its sources are 
In forces where 
The motions must in fact have might 
To bear an influence so far 
And from all angles be so bright. 
CHARLES HETZLER 








THE INDEX TO VOLUME IX 


of Sky and Telescope is in preparation. 
This and the indexes to previous vol- 
umes cost 35 cents each, in coin or 
stamps, or included in the payment of 
the renewal of your subscription. 
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A New PEopLe’s OBSERVATORY IN SOUTH AFRICA 


OME three years ago a local center 

of the Astronomical Society of 
South Africa was fermed in Port Eliza- 
beth, and one of the initial objects was 
the establishment of a people’s observa- 
tory. The aim was to have a small ob- 
servatory with a planetarium attached, 
which would be an educational institu- 
tion, available at all times, particularly 
for high school students who take ele- 
mentary astronomy as a subject. 

After the appointment of a board of 
trustees, appeals were made for public 
donations. The municipality of Port 
Elizabeth granted a site, free of cost, 
and a loan of £2,000 for building pur- 
poses, it being promised that the annual 
interest and redemption charges would 
be donations. Response from business 
firms and private individuals was very 


The 8-inch refractor of 
the People’s Observa- 
tory, Port Elizabeth, 
South Africa. Under 
date of October 30, 1950, 
Mr. Bentley writes, 
“There has been a hold- 
up for many months be- 
cause, on the ground 
adjacent to the observa- 
tory site, it was pro- 
posed to erect a large 
football stadium, which 
would, of course, have 
entirely spoiled our 
view of the sky.” 








encouraging, and the firm support of 
other South African observatories cre- 
ated public confidence in the scheme. 

An 8-inch refractor was purchased, 
and a 2-inch telescope designed by Sir 
Robert Gill was donated. The observa- 
tory at Cape Town donated a spectro- 
scope and other instruments. We are 
working on the problems of housing the 
instruments, designing and furnishing 
a suitable lecture room, and perhaps ob- 
taining a planetarium. 

Just recently we had a visit from Dr. 
and Mrs. Bart J. Bok, of Harvard Col- 
lege Observatory, which has given val- 
uable stimulus to the cause of astronomy 
in these parts. 

J. C. BENTLEY, chairman 
Port Elizabeth Centre 
Astronomical Society of South Africa 


LEAGUE ECLIPSE CONVENTION IN NORTH CAROLINA 


The Astronomical League Bulletin for 
November, 1950, reports news about the 
1951 convention, to be held at Chapel 
Hill, N. C. Dr. Roy K. Marshall, of the 
University of North Carolina, has offered 
the facilities of the Morehead Planetarium 
and the university for the general con- 
vention September 1-3, 1951. Dormitory 
and meeting rooms are being made 
available. Chapel Hill is near the path of 
the September Ist annular eclipse. 


Inasmuch as no region has been organ- 
ized embracing North Carolina, G. R. 
Wright, chairman of the Middle East 
region, has been appointed 1951 conven- 
tion chairman. The convention commit- 
tee will include representatives of the 
Astronomical Society of North Carolina 
State College, Forsyth Astronomical 
Society, Greensboro Astronomy Club, and 
the Atlanta Astronomers, as well as Mid- 
dle East regional members. 
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NEWS NOTES 


INDIAN RUINS AT 
METEOR CRATER 

Discovery of arrow points and other 
Indian artifacts on the rim of Meteor 
Crater, in 1939 and 1948-49, led to 
archeological investigations at the crater 
this past summer, by the Institute of 
Meteoritics and the department of an- 
thropology of the University of New 
Mexico. Interest in the problem was 
heightened by widespread belief that 
Indians of the Southwest held the crater 
in great superstitious fear. 

A preliminary report was presented 
at the September meeting of the Mete- 
oritical Society by Dr. Lincoln LaPaz, 
of the Institute of Meteoritics. Not 
only were numerous artifacts recovered, 
but several Indian ruins were discovered 
high on the crater rim. A one-room 
structure was completely excavated. 
This and other nearby dwellings were 
built of Coconino sandstone thrown out 
from the crater by the meteor’s impact, 
and are estimated to have been built 
before 1300 A.D. Their presence within 
250 feet of the crest of the crater rim 
“indicates clearly that the early Pueblo 
peoples had no fear of the Crater loca- 
tion,’ Dr. LaPaz reports. Further 
work is being carried on under the di- 
rection of Boyd Wettlaufer, of the 
university's anthropology department. 
THE SHAPE OF ANTARES 

It is well known that when the moon 
occults a bright star the effect of diffrac- 
tion by the limb produces a 
wavy pattern in the curve of the star’s 
light as it is hidden. In other words, 
the occultation is not actually instan- 
taneous, and the diffraction pattern de- 
pends partly on the apparent diameter 
of the star. ‘The diameters of several 
stars have been measured by this method, 
with fast-responding photoelectric cells, 
by A. E. Whitford and others (see Sky 
and Telescope, November, 1946, page 7, 
and March, 1947, page 9). 

The observed asymmetry in the light 
of Antares when it is occulted is much 
greater than predicted by theory. In 
1928, H. Spencer Jones suggested that 
the star might be a binary, but he felt 
it more likely that Antares is a pulsating 
star. Dr. David S. Evans, of the Rad- 
cliffe Observatory, concurs with this 
view on the basis of observations of the 
occultation of Antares on June 27-28, 
1950, and concludes that Antares has 
an ellipsoidal form with the center of 
brightness displaced from the center of 
the ellipsoidal figure. Dr. Evans found 
the ellipsoid to measure 0.040 second 
of arc, in a direction parallel to the 
moon’s motion, and the most probable 
value for the minor axis is 0.027 second. 

He points out, in the Monthly Notes 
of the Astronomical Society of South 
Africa, the desirability of repeating the 


moon’s 


By Dorrit HoFrFrLeir 





occultation observations whenever pos- 
sible and of using modern methods to 
ascertain if the star is slightly variable. 


SPACE ENERGY 

A “challenge to further research” 
was presented by Paul Scherrer, of 
Zurich, at the dedication of the new 
General Electric Research Laboratory 
in Schenectady recently. The amount 
of energy in space he estimates at some 
700 million million kilowatt hours per 
cubic foot. Its mass alone, he contends, 
should produce enormous gravitational 
effects, such that all matter in the uni- 
verse would be concentrated in a space 
about as large as the orbit of the moon. 

Since this situation is obviously not 
the case, present theories are inadequate, 
Science Service quotes Dr. Scherrer as 
saying. “Che empty space between the 
stars and planets, he stated, contains 
50,000 times as much energy per unit 
volume as the uranium used in the 
atomic bomb. But this energy cannot 
be used because it is “frozen” at the 
temperatures in interstellar space. 


AMERICAN ASTRONOMICAL 
SOCIETY DECEMBER 
MEETING 

From December 27th to 30th, Wed- 
nesday through Saturday, the 84th 
meeting of the American Astronomical 
Society will convene on the Haverford 
College campus, at the invitation of Dr. 
Louis C. Green, director of Haverford’s 
Strawbridge Observatory. There will 
be business sessions and sessions for 
papers on Thursday and Friday, and on 
Saturday morning. 

The fourth Russell lecture, by Dr. 
Harlow Shapley, of Harvard College 
Observatory, will be presented on 
Thursday evening. ‘The title is, “The 
Inner Metagalaxy.” 

The special dinner will be on Friday 








In the CURRENT JOURNALS 

STAR SPOTS? by Gerald E. Kron, Leaf- 
let No. 257, Astronomical Society of the 
Pacific, September, 1950. “A flare that 
would cause an increase in solar bright- 
ness of only 1 per cent would cause a 
100 per cent increase in the brightness 
of the M-type dwarf, and would cause a 
spectacular flare-up having an amplitude 
of 3/4 magnitude.” 

THE ABUNDANCE OF THE ELE- 
MENTS, by Armin J. Deutsch, Scien- 
tific American, October, 1950. “Physi- 
cists and astronomers have been en- 
gaged in a cosmic inventory of the vari- 
ous kinds of atoms as a clue to their 
primordial creation.” 

ATOMIC AND SOLAR ENERGY, by 
Farrington Daniels, American Scientist, 
October, 1950. “What can our descend- 
ants use for heat and power after the 
year 5000 A.D.?” 
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Other special events 
include a conference on the use of plane- 
tariums in education, planned by Ar- 
mand Spitz, designer of the Spitz plane- 
tarium, to be held on the 27th from 
2:30 to 4:30 p.m. in the Spitz Labora- 


evening at 6:30. 


tories building in Upper Darby. Dem- 
onstration of working parts of the new 
Spitz model B planetarium is scheduled 
during this conference. 

Rooms and meals will be available in 
college dormitories for the duration of 
the meeting, from Wednesday evening 
through Saturday noon. The campus is 
on the Lancaster Pike in Haverford. 
The sessions for papers are open to in- 
terested amateurs and scientists. 

Astronomers’ families may attend the 
annual Christmas lectures at the Frank- 
lin Institute, at 4:00 p.m., December 
28th and 29th, admission free. Dr. H. 
R. Kingston, University of Western 
Ontario, will give lecture-demonstra- 
tions on “Touring the Universe,” the 
first astronomical subject for these lec- 
tures in 25 years. 


SOLAR HEATING 

Last winter, direct sunlight supplied 
three fourths of the heat needed to keep 
a five-room house in Cambridge, Mass., 
warm and comfortable. As a result of 
the test, scientists at Massachusetts In- 
stitute of Technology who conducted 
the experiment believe that a house 
heated 90 per cent by the sun’s rays is 
possible without excessive construction 
costs, even in New England. 

Water in a collector on the roof is 
warmed by the sun and pumped in- 
to an insulated tank; from there it passes 
through pipes in the room ceilings when 
heat is needed. Supplementary heating 
by electricity was required relatively in- 
frequently. ‘The roof heat collector unit 
slopes 57 degrees to the horizontal, faces 
directly south, and presents a net area 
of 400 square feet to the sun. ‘The rest 
of the roof is aluminum so that additional 
heat reaches the collector by reflection. 
COMET MINKOWSKI 

Comet 1950b is now emerging from 
the vicinity of the sun, and its predicted 
magnitude (on the basis of the 4th- 
power law) is 10.2 on December 5th, 
10.1 on the 15th, and 10.0 on the 25th. 
By March it is expected to be magnitude 
8.9, located in Hydra at — 33° declina- 
tion, after which it comes north again. 
Dr. Jorge Bobone, of Cordoba Observa- 
tory, predicts the following positions: 
Dec. 5, 15" 03".3, —16° 42’; 15, 15° 
037.9, — 18° 17°; 25, 1§ 03°.5, — 19° 
s0; Jen. 4, 19° 2°85, 98" 40s 1 
14" 57.2, —23° 32’; 24, 14° 49™.5; 
—25° 31°; Feb. 3, 14° 37".4, —27° 3. 

This comet will pass perihelion, 2.57 
astronomical units from the sun, on 
January 15th. Its orbit is inclined to 


the plane of the ecliptic 144 degrees. 
Its nearest approach to the earth, late 
in March, will be about 134 astronom- 
ical units away. 

















The Sun's Motion Through Space 


By Orro Srruve, University of California 


URING the winter of 1820-21, 
C. F. Gauss, who was then a 
professor at Gottingen, gave his 
usual course in theoretical astronomy at 
the university. Among his students was 
a young man by the name of Kupffer, 
who kept careful notes of the lectures 
and worked them up into a manuscript 
under the title, “Theoretische Astron- 
omie Gehért bei Gauss in Gottingen 
von May 1820 bis Marz 1821.” 
Kupffer later became a distinguished 


physicist. He moved to Russia and was 
appointed the first director of the 
“Principal Physical Observatory” — 


equivalent to our Bureau of Standards 
—in what was then St. Petersburg. 
His own work was devoted mostly to 
the study of the mechanical properties 
of various metals and to the comparison 
of Russian and foreign standards of 
measurements. He entered his lecture 
notes in the library of the newly founded 
institute. There they remained for 
nearly 100 years, forgotten by Kupffer 
and a long line of his successors. But 
in 1916 the post of director was again 
occupied by an astronomically trained 
scientist, A. N. Krylov, whose interest 
in the history of astronomy had led him 
to translate into the Russian language 
various great books of early authors, 
including ‘Newton. He _ discovered 
Kupffer’s lecture notes and immediately 
recognized their importance. 

Gauss’ Collected Works did not con- 
tain the title ‘Theoretische Astrono- 
mie.” Since Kupffer had written down 
exactly word for word what Gauss had 
said, this document promised to throw 
new light upon the personality of the 
famous German theoretician. Krylov, 
who had at one time been the com- 
mander of the naval academy in Petro- 
grad and had retained close ties with 
the hydrographic office of the Russian 
admiralty, made a translation into Rus- 
sian, and in 1919 the book was printed 
by the hydrographic office. 

Undoubtedly this book is rare. It ap- 
peared during the worst period of the 
civil war in Russia, when almost all 
connections with foreign countries were 
broken. A copy of it somehow found 
its way to Paris, and through a friendly 
bookseller, who is also a distant rela- 
tive, I was able to buy it. It is, indeed, 
a remarkable account, not so much for 
the astronomy contained in it (which 
followed the traditional form of expo- 
sition in the German universities of the 
19th century) as for Gauss’ own, per- 
sonal views concerning many controver- 
sial questions of his day. Since he was 
speaking to a live audience, and did not 
intend to have his lectures printed, he 
was probably less cautious and some- 
times more outspoken than he would 


have been if he had known that one of 
his pupils would preserve his statements 
for posterity. 

For example, in discussing the novae 
and the variables he mentions four 
hypotheses: the rotation of a star whose 
surface is not equally luminous in all 
its parts; the eclipse of one binary com- 
ponent by another which, though ap- 
plicable to the case of Algol, “after all 
remains only a hypothesis”; and the idea 
of Maupertuis on the rotation of an un- 
symmetrical body. The fourth hy- 
pothesis is Gauss’ own, “who has how- 
ever never announced it.” He believes 
that the velocity of light may be influ- 
enced by the velocity of the source and, 
hence, “the amount of light which 
reaches us in a given interval may have 
been radiated by the star in a very differ- 
ent length of time. ‘Thus, in the case 
of the star in Cassiopeia (the nova of 
1572) the light which was emitted over 
a century may have reached the earth in 
the course of two years.” A hundred 
years later astronomers were still busy 
refuting more recent and probably in- 
dependent outcroppings of this hy- 
pothesis ! 

But the purpose of this article is to 
discuss another interesting comment by 
Gauss. He considers the evidence that 
the “fixed” stars are not really fixed on 
the apparent celestial sphere, but that 
several have moved with respect to their 
surroundings, in the course of even as 
small an interval as 50 years. Gauss 
continues: 

“Herschel believes that the solar sys- 
tem moves in the direction of the con- 
stellation Hercules, but later investiga- 
tions are not in accordance with his hy- 
pothesis. Moreover, Herschel’s method 





The line A-B represents that along 
which Herschel supposed the sun to be 
moving. This improved copy of his 
original 1783 diagram is from “A Source 
Book in Astronomy,” by Shapley and 
Howarth, McGraw-Hill Publishing Co. 





C. F. Gauss (1777-1855), generally con- 
sidered (with Archimedes and Newton) 
one of the three greatest mathematicians 
in history. In 1807 he became director 
of the observatory at Goettingen. 


of discussion was not sufficiently mathe- 
matical. Bessel and Piazzi have re- 
examined this problem mathematically, 
but found nothing positive.” , 

This statement, made in 1820 by the 
greatest living theoretical astronomer, is 
highly surprising. Nearly every modern 
textbook on astronomy attributes the 
discovery of the motion of the solar sys- 
tem to W. Herschel in 1783. It was 
he who introduced the term “apex” to 
designate the point in the sky toward 
which we are moving; and his determi- 
nation, near Lambda Herculis, is only 
a few degrees removed from the apex 
at 18 hours (270°) in right ascension 
and + 30° in declination which is the 
best modern value. Surely, this was not 
a coincidence! The judgment of the 
greatest physical astronomer of his time 
— Herschel — was in this case superior 
to that of the greatest theoretician — 
Gauss — and of the greatest spherical 
astronomer — Bessel. 

How did this difference in opinion 
arise? Herschel published three major 
articles on the question of the solar mo- 
tion in the Philosophical Transactions 
of the Royal Society of London, in 
1783, 1805, and 1806. In the first he 
examined the apparent angular motions 
in right ascension of several bright stars. 
Sirius, Castor, Procyon, Pollux, Regu- 
lus, and Arcturus all have decreasing 
right ascensions, while that of Altair 
increases. Herschel made a diagram 
representing the plane of the equator 
with the sun in the center. Marking 
off along the circle of the equator the 
present right ascensions of these seven 
stars, he noticed that if we would 
imagine the sun to be moving from its 
present position in the direction of about 
18 hours in right ascension, the stars 
would appear to spread apart from this 
direction, the apex, and converge toward 
the opposite direction, the antapex, at 
six hours in right ascension. It is then 
easily seen that all six stars having nega- 
tive proper motions (decreasing right 
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ascension) are on one side of the circle, 
where the hours decrease as we pass 
from the apex to the antapex, while 
Altair is on the other side where the 
hours increase. 

Herschel next discussed the proper 
motions in right ascension and in decli- 
nation of 13 stars published by Lalande. 
To these he added the proper motion of 
Regulus in right ascension, giving a total 
of 27 values. ‘The result is that the di- 
rection of motion is correct in 22 cases 
and incorrect in five, if the apex is near 
Lambda Herculis. The discrepancies 
may in part be caused by observational 
errors, but are more probably caused by 
the real motions of these stars. In a 
postscript, he considered the motions of 
stars determined by Tobias Mayer in 
1756 from a comparison of his own with 
Ole Roemer’s observations 50 years 
earlier. Again the agreement is very 
startling: 32 stars agree in direction; 12 
disagree, but not one of the latter dis- 
agrees in both co-ordinates. 

Herschel also attempted to estimate 
the velocity of the sun’s motion through 
space. ‘This depends upon the distances 
of the stars, but no parallax was then 





Left: The spiral path 
of the earth through 
space that results 
from a combination 
of its orbital motion 
and that of the solar 
system as a whole. 


Right: One of Her- 
schel’s original dia- 
grams to explain the 
effect of the sun’s 
motion on the stars. 








They appear to move 
the distance on the 
sky a-b as the sun 
moves from § to C. 
The apex is at B, the 
antapex at A. Near- 
by stars are affected 
more than distant 
ones; this Herschel 
reasoned long before 
any star’s distance 
had been measured. 


known. Assuming, on the basis of his 
own observations, that for Arcturus or 
Sirius the heliocentric parallax was 
equal to or less than one second of arc, 
he concluded that “the sun’s motion can- 
not be less than the earth’s motion in its 
orbit.” This is a remarkably penetrat- 
ing conclusion, and one of the most 
brilliant achievements of the human 
mind! We now know that the speed 
of the solar system through space is 20 
kilometers per second, whereas the 
earth’s orbital motion is roughly 30 kil- 
ometers per second. 

In the two later papers Herschel re- 
sumed the discussion, this time using the 
proper motions of a list of 36 stars pub- 
lished by Maskelyne at Greenwich. 
Herschel never wavered in the belief 
that his 1783 results were essentially 
correct: “I believe the expediency of ad- 
mitting a solar motion will not be called 
in question.” Instead, he proposed to 
use his knowledge to “give us some use- 
ful information, either to satisfy the in- 
quisitive mind, or to lead us on to new 


discoveries,’ and he concludes that 
“Arcturus still remains a star that 
moves with great velocity.” Herschel 


Some positions of the 
solar apex according to 
the calculations of four 
astronomers: Sir Wil- 
liam Herschel, Simon 
Newcomb, J. C. Kap- 
teyn, and W. W. Camp- 
bell, the first three from 
proper motions and the 
last from radial veloci- 
ties. None is far from 
Herschel’s original posi- 
tion near Lambda Her- 


culis. Chart from 
“Splendour of the 
Heavens.” 
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was thus the discoverer of what we now 

describe as the stars of high velocity. 
It must be admitted that the problem 

of the proper motions of the stars is not 


as simple as it looks. It rests upon the 
accuracy of the frame of co-ordinates 
which we use: the beginnings of right 
ascension and declination. These be- 
ginnings are not rigidly fixed. Because 
of the wobbly motions of the axis of the 
earth, known as precession and nuta- 
tion, the pole of the heavens describes a 
circle in about 26,000 years. Hence the 
co-ordinates of all stars change slowly 
with time, and all astronomical cata- 
logues contain quantities which must be 
added to the published star positions in 
order to reduce them to any given year. 
The proper motions of the stars are the 
changes in right ascension and declina- 
tion that are left after the corrections 
for precession and nutation have been 
applied. If the constants of precession 
and nutation are inadequately known, 
the proper motions may turn out to be 
much in error. This, in substance, was 
the explanation of Bessel’s skepticism. 
In 1819 he published a lengthy paper 
discussing precisely these sources of er- 
ror in Maskelyne’s observations. And 
while he did not disprove the results of 
Herschel, he apparently urged caution, 
which was probably justified, consider- 
ing the state of astronomical obserya- 
tions in 1819. It is of interest that; in 
a later lecture Bessel fully recognized 
the correctness of Herschel’s conclu- 
sions, but that was after Argelander had 
repeated the work with better data and 
a inore elaborate computing technique. 

Many papers have been written since 
then on the motion of the solar system 
as determined from proper motions. 
Since the angular motion of a star can 
be measured only if it is one of our near 
neighbors in space, these results give us 
the motion of the sun with respect to 
the stars of our vicinity. The results 

















were enhanced in value when radial mo- 
tions became available through the use 
of the spectrograph. The most elab- 
orate determination of the motion of 
the sun with respect to the stars of our 
vicinity is that by W. W. Campbell in 
Volume 16 of the Publications of the 
Lick Observatory (1928). From the 
radial velocities of 2,149 stars he found 
for the apex 271° and +29°, and for 
the velocity of the sun 19.6 kilometers 
per second. 

Even as the great work of Campbell 
was still going on at Mt. Hamilton, 
astronomers began to notice that the po- 
sition of the apex and the velocity of 
the sun’s motion are not the same when 
different stars are used. We have al- 
ready seen that Herschel considered 
Arcturus a high-velocity. star. If we 
pick out all the high-velocity stars and 
determine the sun’s motion from. them, 
the apex shifts from Hercules into 
Cygnus, and the velocity increases from 
20 to 100 or even 200 kilometers per 
second. ‘The first astronomer to con- 
sider this phenomenon systematically 
was G. Strémberg at Mount Wilson. 
His work led to what he termed an 
“asymmetry” of the stellar motions. 
The faster the stars themselves are mov- 
ing in all directions, the more rapid is 
the sun’s velocity with reference to their 
center of motion. 

For some years Strémberg’s conclu- 
sions remained quite mysterious. ‘Their 
correct explanation is one of the prin- 
cipal contributions of B. Lindblad in 
Sweden. He recognized that the stars 
of our vicinity are not all members of 
what we might call a common swarm, 
or system. If they were, the problem 
of the sun’s motion would be similar to 
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The radial motions of about 1,000 stars are indicated on these hemispheres, centered on the antapex (left) and the apex. 
Plus signs show stars receding from us, most numerous in the antapex region. 
these predominate in the apex hemisphere. 



























that of a single mosquito in a swarm of 
insects. “The swarm may be carried as 
a whole by the wind (as the galactic 
rotation carries the stars of our vicinity 
in their galactic orbits). The mosquito 
would not know anything about it if it 
could see only the other mosquitoes of 
the swarm. But suppose that there are 
two swarms penetrating through one 
another, and flying in different direc- 
tions, with different velocities. ‘Then 
our mosquito would be quite perplexed. 
If the two swarms consist of different 
species, the motion of our mosquito 
would turn out to be different depend- 
ing upon whether the observations refer 
to the one species or the other. 

Lindblad proposed the idea that there 
are different swarms of stars in our 
galaxy. Some revolve rapidly around 
the nucleus of the Milky Way and par- 
ticipate in the phenomenon of galactic 
rotation. Others belong to a system 
which rotates with a smaller angular 
velocity around the center, and _ still 
others may not rotate at all. The for- 
mer are all located near the plane of the 
Milky Way; their rapid galactic ro- 
tation forces them to form a greatly 
flattened subsystem of stars. The other 
systems are less flattened; if we could 
observe the Milky Way from the An- 
dromeda galaxy, these subsystems of 
stars would look like a roughly spherical, 
faintly luminous halo enveloping our 
entire galaxy. 

Although much interest has attached 
itself to these newly discovered, spherical 
subsystems (of which the high-velocity 
stars are a conspicuous example), it 
must be remembered that in our vicinity 
the very great majority of objects be- 
long, with our sun, to that flattened sub- 
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Dots represent stars approaching us, and 
From “Splendour of the Heavens.” 
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Sir William Herschel (1738-1822). 


system which carries us around the 
galactic center with a velocity of 275 
kilometers per second. Hence, even 
now, studies of the solar motion through 
space — with reference to our own 
swarm —are of interest. The latest 
work of this character, by J. H. Moore 
and G. F. Paddock, of the Lick Ob- 
servatory, has just appeared in the July, 
1950, issue of the Astrophysical Journal. 
The principal result of this paper, based 
upon measurements of 820 stellar radial 
velocities, is that “the giants included 
in this material participate in the differ- 
ential galactic rotation characteristic of 
the region around the sun.” 
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EVOLUTION 


by Otto Struve 


e One of the world’s greatest 
astronomers discusses the sum of 
centuries of speculation on the 
probable course of evolution in 
stars, and gives a full report of 
his own conclusions. Sufficient 
background is included to enable 
anyone with scientific training to 
follow the argument. Mr. Struve 
is Chairman of the Department 
of Astronomy at the University of 
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SKY PUBLICATIONS 
for CHRISTMAS 


Mappa Coelestis Nova 


This is a large wall chart, colorful as 
well as informative. The northern sky to 
45° is shown on a polar projection, and 
each star is colored according to its spec- 
tral class. The chart makes a fine trans- 
parency, 28 inches square. $3.50 postpaid 


Atlas of the Heavens 


Sixteen charts cover the entire sky to 
magnitude 7.75, including doubles, multiples, 
variables, novae; galaxies, star clusters, 
globulars, and planetaries ; 1950 co-ordinates. 
Each chart area is 154% by 23% inches. 

$5.00 postpaid 


Moon Sets 


Eighteen full-sized plates, nine for the 
first-quarter moon and nine for the last 
quarter, from Lick Observatory negatives. 
Each plate is on a sheet of heavy stock 12 
by i8 inches, and there are key charts for 
named lunar features. $2.00 postpaid 


* * * * 


SPECIAL COMBINATION OFFER 
All three of the above 
for $10.00 postpaid. 
Please remit with your order. 


SKY PUBLISHING CORPORATION 


Harvard Observatory 
Cambridge 38, Massachusetts 
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L’EXPANSION DE L’UNIVERS 
Paul Couderc. Presses Universitaires de 
France, 108 Boulevard Saint Germain, 
Paris, 1950. 222 pages and 10 plates, 
paper bound. 500 francs. 

HE SCIENTISTS of France have 

long been renowned for their skill in 
popularizing science, and Dr. Couderc 
lives up to the reputation of his country- 
men in this respect, even if his treatment 
of the subject of cosmology is somewhat 
selective. His book falls into two parts, 
the first 100 pages being devoted to obser- 
vational methods and data, and the re- 
mainder to their theoretical interpreta- 
tion. 

In the first part of the work, Dr. 
Couderc gives a brief, but very clear and 
brilliantly written account of the progres- 
sive establishment of our present-day 
knowledge of the nature of the extraga- 
lactic nebulae, of their different types and 
of their distribution in space. The chapter 
on the measurement of distance is spe- 
cially to be commended. He gives a clear 
account of the meaning of trigonometric, 
of dynamical, and of mean parallaxes, as 


well as of luminosity-distance, a term 
which he, however, does not employ. 
Luminosity-distance, which is deduced 


from the apparent and absolute magni- 
tudes of an astronomical object, is funda- 
mental in cosmology. Dr. Couderc does 
not inform his readers that, when applied 
to extragalactic nebulae, a trigonometric 
parallax (supposing it could be deter- 
mined) would not necessarily give the 
same “distance” as that obtained from a 
simultaneous determination of luminosity- 
distance, In other words, distance in cos- 
mology depends on the method adopted 
for measuring it. 

A long chapter is devoted to the red 
shift in the spectra of the galaxies, which 
is interpreted as a Doppler effect. Here it 
is taken for granted that the observations 
yield a linear relation between velocity 
of recession and distance. In fact, what 
is established experimentally is a relation 
between red shift and apparent magni- 
tude. To turn red shifts into velocities 
of recession requires a theory of the 
Doppler effect, and to turn apparent 
magnitudes into distances requires a 
theory of the meaning of distance as 
applied to objects showing pronounced 
red shifts and whose light takes many 
millions of years to reach us. 

Indeed, Dr. Couderc seems to overlook 
the work done during the last 14 years 
on these difficult theoretical problems 
and accepts the interpretation of the 
relation between red shifts and apparent 
magnitudes current about 1935. Never- 
theless, it is evident that Dr. Couderc 
has stud‘ed the literature, for we find on 
pages 93-99 that he describes Stebbins’ 
and Whitford’s work on the color indices 
of ellipsoidal galaxies which was published 
in 1948. Here we have one example of 
his selective method of presenting: the 
subject; there 1s still another and more 
important instance, 

Apart from a passing reference on page 
20, no attention whatever is paid to 
Hubble’s counts of nebulae published in 
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1936. Yet it is precisely these data which 
provide an observational solution of the 
cosmological problem, a solution whose 
accuracy may be expected to increase as 
soon as data from the 200-inch telescope 
are available. We must turn to the 
theoretical part of Dr. Couderc’s book 
to find a possible explanation of this 
remarkable omission. 

We have first a brief account of general 
relativity and of the application of this 
theory to the gravitational field of the 
sun. Much attention is thereafter devoted 
to the Einstein and de Sitter universes, 
though to most students of cosmology 
these universes are of little more than 
historical interest. These are two special 
cases selected from the triple infinity of 
model homogeneous universes predicted 
as possible by general relativity. A homo- 
geneous model universe is one in which 
the observed irregularity of distribution 
of the galaxies is ignored and a strictly 
uniform distribution of matter is con- 
sidered. 

The particular model universe favored 
by Couderc is Lemaitre’s, which is deter- 
mined by the following three postulates: 
1. The total mass of the model is finite 
and constant. 2. The model has gone 
through the Einstein universe stage at 
some time in the past. 3. The pressure 
of the matter in the model is zero. 
Lemaitre’s model accounts for the as- 
sumed linearity of red shift and distance— 
as indeed will any other model provided 
that we do not look too closely into the 
meaning of the term “distance.” But it 
gives a value of 9.45 x 108 light-years for 
the so-called radius of space at the mo- 


ment when the model passed through the 


Einstein universe stage, and a present 
radius of about five times that amount. 

On the other hand, the Hubble counts 
of nebulae, which are ignored by Dr. 
Couderc, yield the value of (5.35 + 1.6) 
x 108 light-years for the present radius, 
a determination based on observational 
data together with Lemaitre’s third pos- 
tulate alone. Can it be that Hubble’s 
counts are not referred to by Dr. Couderc 
because they do not fit Lemaitre’s model 
of the universe? 

An appendix of 10 pages is devoted to 
an account of the cosmologies of Milne, 








SOME FIRSTS IN 
ASTRONOMICAL 
PHOTOGRAPHY 
BY DORRIT HOFFLEIT 


The story of the development of astro- 
nomical photography from its earliest 
efforts to the close of the 19th century. 
A chronological table summarizes 
events from 1839 to 1897. 
39 pages, 22 illustrations. Paper bound. 
60 cents postpaid. 
(This is a companion booklet to 
Harvard College Observatory — 
The First Century, 
published 1946, 94 pp., 72 ill., 75¢ p.p.) 
HARVARD COLLEGE 
OBSERVATORY 
Cambridge 38 Massachusetts 









































of Hoyle, Bondi and Gold, and of P. 

Jordan. As is usual in French books of 

this type, there is no index, and the 
bibliography is totally inadequate. 

G. C. McVITTIE 

Harvard College Observatory 





RELATIVITY — A RICHER TRUTH 


Philipp Frank. The Beacon Press, Boston, 
1950. 142 pages. $2.00. 


S A SCIENTIST, I find it becoming 

a bit annoying—and certainly quite 
monotonous—to sit through at least one 
speech, in any gathering touching even re- 
motely on educational problems, depicting 
the sad state to which the asocial char- 
acter of science has brought our society. 

The accusation is stereotyped: Science 
has cast doubt on the absolute standards 
that underlie our culture, and science has 
failed to furnish an integrated world pic- 
ture that neatly ties up all loose threads. 
This questioning of absolute standards has 
weakened the measuring stick with which 
each new event might be isolated from its 
surroundings and evaluated on an individ- 
ual and well-defined basis. Consequently, 
in times of social stress, the individual has 
no sense of the ethical communal ties that 
bind him to his fellows, and his social 
group is bound to collapse under strong 
external pressure. Thus Western Europe 
fell apart before the Nazis—and thus the 
Western world regards its weaknesses un- 
der communist pressure. Science bears 
responsibility for the removal of the con- 
cept of absolute standards, yet science has 
failed to provide an integrated philosophic 
scheme embracing all its positive results. 
Science has raised the technology of social 
disagreement to the level of man’s under- 
standing of the physical world, yet science 
has failed to provide society with a yard- 
stick to measure itself. Hence, we are 
told, society must seek its own regenera- 
tion in the spirit of idealism as opposed to 
the materialistic-pragmatic methods of 
science. 

The popular response among scientists 
seems to be one of sackcloth and ashes. 
All the above faults are confessed, and 
Nenance performed, by proving how even 
the most sophisticated scientific knowl- 
edge can be taught by osmosis at the col- 
lege general education level. Simultane- 
ously, the moan of the general educators 
at the lack of general philosophic integra- 
tion is assuaged by allowing them full rein 
to “educate for democracy” and remove 
essentially all instruction in the methods 
of mathematics and quantitative reason- 
ing below the college level. 

Judged by the above standards, Dr. 
Frank’s collection of essays should meet 
a general response somewhat less than en- 
thusiastic. There is no penance in this 
book for the alleged difficulties brought 
about by science. On the contrary, Dr. 
Frank holds firmly to the position that 
the so strongly criticized rejection of ab- 
solute values embodies the strength of the 
scientific method. Furthermore, he sug- 
gests that the substitution of relative for 
absolute values in ethical matters is hardly 
alarming —there have never been other 
than relative standards! 

Indeed, a discussion of this idea of ab- 
solutism in ethical standards introduces 


the first half of the book: an analysis of 
the meaning of statements. In this sec- 
tion, Dr. Frank covers the pragmatic-op- 
erational approach, and exhibits exam- 
ples of its use in scientific developments. 
The scientific reader will note with pleas- 
ant surprise the smallness of the hurdle 
over which the author needs to pass when 
he progresses to the social aspects of his 
developments. Other readers, hoping to 
find in the social sciences examples of 
equal promise as a measure of these meth- 
ods, will be pleased to note that the book 
finds little difference between Pierce’s 
“a verbal difference must make an obser- 
vational difference to be a difference” and 
the comment of an earlier Author, “by 
their deeds shall ye know them.” 

The second half of the book centers 
about the method of obtaining an inte- 
grated picture of our cultural development. 
Dr. Frank lays by the heels the old adage 
that philosophers must integrate what the 
scientists investigate. It would be an un- 
expected blessing if some of our education 
departments could be induced to take 
seriously Dr. Frank’s mild statement, “one 
cannot ‘unify’ the language of a domain of 
knowledge without being thoroughly 
familiar with this field (of knowledge).” 

The reviewer would be considerably 
heartened if this fine little book were made 
the basis of the introduction to any 
“course in general education.” At the 
least, the student would then have some 
exposure to the usefulness of analyzing 
the phraseology of his “general education” 
in terms of the operational meaning of 
those phrases. Perhaps then we could 
justifiably hope that all variations on the 
phrase written by A. T. Bledsoe, and 
quoted as a semantic horror-lesson by 
Frank, “In the true sense of the word 
‘liberty,’ slavery is not its opposite ... ,” 
would ever be recognized, never be ac- 
cepted, in reference to either the body or 
the intellect. 

RICHARD N. THOMAS 
University of Utah 





POCKET ENCYCLOPEDIA OF 
ATOMIC ENERGY 


Frank Gaynor. Philosophical Library, 
New York, 1950. 204 pages. $7.50. 


| pe reeieny AND ATOMIC PHYS- 
ICS are the most active branches 
of physics today—probably the most active 
branches of all science. They are cur- 
rently producing a staggering volume of 
literature. Even for a physicist, the task 
of keeping abreast of progress is formi- 
dable, and for the student of a related sci- 
ence such as astronomy it is impossible. 

The book is 204 pages of solid informa- 
tion with no padding. The 2,000 entries 
are arranged alphabetically; each is brief- 
ly defined, and numerical values are given. 
A sample page bears definitions of and 
data on: half-life; half-period; half-thick- 
ness; halogens; Hanford Engineer Works; 
hard radiation; Harwell; H-bomb; He; 
heat of radioactivity; heavy electron. 
There are many well-arranged tables. Be- 
sides the physical data, information about 
a few prominent nuclear physicists is in- 
cluded. German equivalents are given 
for the more important terms used. 

The book will take its place as an in- 


December, 1950, SKY AND TELESCOPE 








, ««- Make That Christmas Gift 
e Astronomy Charts or Slides 


No marked-up Christmas prices; 
no battle with shoppers to get 
what you want ! 















: Astronomical Charts — Set 1 or 2 
, (25 charts each) 


5 24 Astronomical Slides — 2 x 2 .... 





Gift -Wrapped and Postpaid 
without extra cost 











THE OBSERVATORY 


A Magazine for Everybody 
Interested in Astronomy 
Founded 1877 


Current developments in astronomy 
illustrated by means of articles, 
correspondence, notes on _ discov- 
eries. Reports of the meetings of 
the Royal Astronomical Society of 
London; the Darwin and Halley 
lectures. 
Single copies, 60 cents 
Annual subscription for 6 issues, 
postage paid, $2.80 to: 


The Editors, Royal Observatory 
Greenwich, London, S. E. 10, England 

















WEATHER 
INSTRUMENTS 
for 
Amateurs 


Anemometers 
Barometers 
Hygrometers 
Rain Gages 
Thermometers 
Wind Vanes 


Write for catalog 


SCIENCE ASSOCIATES 


401 N. Broad St. Phila. 8, Pa. 
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LUMINESCENT 
STAR CHARTS 


A set of 6 large luminescent charts 
for constellation study. They glow 
brightly in the dark after being ener- 
gized by ordinary light. Printed on 
stiff black poster board 21” x 26”. De- 
signed for easy orientation in north 
temperate latitudes. Stars shown to 
the 4th magnitude. 

Only $6.85 a set postpaid. (Add 
3%, tax in California.) An ideal 
Christmas gift. 

Inquiries will receive prompt 

attention. 
Wilmot Luminescent Art Co. 
4859 College View Ave., Los Angeles 41, Calif. 





























Goop News 
TO ‘SCOPE OWNERS! 


A most astounding revised 12-page 
educational explanation on how to 
lessen certain inherent’ telescope 
handicaps to best seeing, with talk 
titled “Your Telescope,” will be sent 
free on receipt of long, self-addressed 
envelope bearing two 3c stamps re- 
turn postage. 


FRANK LOGAN GOODWIN 
345 Belden Ave., Chicago 14, Illinois 








TELESCOPE MAKER 


6” ... $5.50 up; Pyrex, 6” ... $7.50 up. 
KITS Other sizes in proportion. 


ALUMINIZING 


Superior Reflecting Surface, Fine Finish. 


Will not Peel or Blister. Low Prices. 

Mirrors Prisms Send for 
Tested | Eyepieces Free 
Free Accessories Catalog 


MONEY BACK GUARANTEE 


Precision Optical Supply Co. 


-——EVERYTHING FOR THE AMATEUR—— 


| _.1001 E. 163rd St., New York 59, N. Y.—— 











* Microscopes * Telescopes 
* Field Glasses ® Binoculars 
WE BUY, SELL, EXCHANGE 
OPTICAL AND SCIENTIFIC 
INSTRUMENTS 


W A E L D | N 10 Ma‘den Lane 


New York City 
BEekman 3-5393 




















THE MAGAZINE ABOUT WEATHER 
-. popular illustrated bi-monthly on 
meteorology that is included in mem- 
bership in the Amateur Weathermen 
of America at $3.00 a year. Separate 
subscription price, $2.00 in the USA 
and possessions. Send for a free sam- 
ple copy today. 
AMATEUR WEATHERMEN 
OF AMERICA 
The Franklin Institute, Phila. 3, Pa. 
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dispensable reference work on the desk 
of this astronomer. It cannot pretend (no 
book could pretend) to present the com- 
plete data of nuclear and atomic physics. 
The author, in a modest preface, claims 
only to have pointed out the “outstanding 
landmarks and main highways,” and ad- 
mits that the book will inevitably be out 
of date before it is distributed. With 
these qualifications, it is a valuable vol- 
ume, whether one needs the half-lives of 
the unstable isotopes, a diagram of a syn- 
chrotron, the masses of the subatomic par- 
ticles, the structure of a Geiger counter, 
or the birth date and maiden name of 

Madame Curie. 
CECILIA PAYNE-GAPOSCHKIN 
Harvard College Observatory 





NEW BOOKS RECEIVED 


in Astronomy, E. W. H. 
112 pages. 


PHOTOGRAPHY 
Selwyn, 1950, Eastman Kodak. 
$2.75. 

An “introduction to the practice of astro- 
nomical photography,” this volume has sec- 
tions on apparatus, properties of photographic 
materials, fine structure of photographic 
images, photometry, processing, and reproduc- 
tion. 

Latin TREATISES ON Comets BETWEEN 1238 
AND 1368 a.p., Lynn Thorndike, 1950, Uni- 
versity of Chicago Press. 274 pages. $5.00. 

Latin medieval texts by observers of that 
time, with an introduction and commentary 
on each, and the first English translations 
of discussions by Albertus Magnus and Thomas 
Aquinas on comets, are included in this 
volume. 


THe PrimevaL Atom, Georges Lemaitre, 1950, 
Van Nostrand. 186 pages. $3.00. 

A translation by Serge and Betty Korff of 
Canon Lemaitre’s L’Hypotheses de [Atom 
Primitif includes five papers and _ articles 
dated from 1929 to 1945, on the size of space, 
expansion, evolution, cosmogonic hypothesis, 
and the primeval atom. 


STERNE UND STERNSYSTEME, Wilhelm Becker, 
1950, Theodor Steinkopff, Dresden. 418 pages. 
28 DM unbound; 30 DM bound. 

A second edition of Professor Becker’s dis- 
cussion (in German) of the Milky Way and 
the external galaxies. First appearing in 
1942, the book is designed to be halfway be- 
tween a popular and a textbook approach. 


From Aroms to Srars, Martin Davidson, 
1950, Macmillan. 188 pages. $2.70. 

First published in 1944, this second edition 
of Davidson’s book appeared in 1946, under 
the imprint of Hutchinson’s Scientific and 
Technical Publications. It is now available 
in the United States through the Macmillan 
Company. As the title implies, the topics are 
approached in general from a physical point 
of view, although descriptive material is in- 
cluded for the benefit of readers with less 
general background. 


Mereoritic Dust, John Davis Buddhue, 1950, 
University of New Mexico Press, Albuquer- 
que. 102 pages and;8 plates. $1.50. 

Opening with a brief chronological resume 
on studies of meteoritic dust since 1819, this 
book proceeds to describe modern methods of 
study and to discuss theories on the origin of 
such material. This is No. 2 in the Univer- 
sity of New Mexico publications in meteoritics. 
Seven Science Fiction Novets, H. G. Wells, 
1950, Dover. 1015 pages. $3.95. 

During the current popular interest in sci- 
ence fiction magazines and books, sparked by 
the recent great advances in all phases of the 


1950 





scientific and technological fields, by news of 
researches in atomic physics, rocketry — and 
flying saucers, many aficionados are reread- 


ing books by the great master, H. G. Wells, 
most of them published four or five decades 
ago, and now out of print. This reprint of 
seven unabridged Wells novels was made 
available largely at the suggestion of the 
American Library Association, states the pub- 
lisher, to meet the unprecedented demand for 
the Wells scientific romances in the libraries 
throughout the country. Further indication 
of renewed interest in Wells is the scheduled 
production of three biographies by various 
publishers. 

Included in the present collection are 
The Time Machine, The Island of Dr. Moreau, 
The Invisible Man, The War of the Worlds, 
The First Men in the Moon, The Food of the 
Gods. and In the Days cf the Comet: 


(uAKERS IN SCIENCE AND INnpustRY, Arthur 
Raistrick, 1950, Philosophical Library. 361 
pazes. $6.00. 

This book is an account of the Quaker con- 
tributions to science and industry during the 
17th and 18th centuries in Britain. The 
author traces the pattern of Quakér activity 
during the early years of the Industrial Revo- 
lution, and shows that by integration of 
Quaker family groups some of the larger in- 
dustries of the 18th century emerged. 


THE Stark ALMANAC FOR LAND SURVEYORS FOR 
THE YEAR 1951, 1950, H. M. Stationery Office, 
London. 66 pages. 3 shillings. 


This is the first appearance of a special 
publication designed to provide information 
of use to surveyors, prepared under the direc- 
tion of the British Nautical Almanac Office 
after study by a special committee during the 
past several years. With a preface by the 
Astronomer Royal, it includes an ephemeris 
of the sun with sunrise and sunset tables; 
the monthly right ascensions to the nearest 
tenth of a second of time and monthly decli- 
nations to the nearest second of arc of 650 
stars, including all stars brighter than 4.0 
and some to magnitude 4.5; a pole-star table; 
refraction tables; various interpolation tables; 
and a table for conversion of time to arc. 

There is an index to the stars by constella- 
tion, making this a very practical catalogue 
for amateurs to use at the telescope if it is 
equipped with setting circles, or in conjunc- 
tion with star charts and atlases. 


THe NININGER COLLECTION OF METEORITES, 
H. H. Nininger and Addie D. Nininger, 1950, 
American Meteorite Museum, Winslow, Ariz. 
144 pages plus 38 plates. $3.00., 

In addition to the catalogue of meteorites 
in the Nininger collection, this book contains 
maps of western states in which numbers of 
falls have been located, field notes, various 
summaries and tables, and an unusual number 
of illustrations of meteorites. 


TRANSACTIONS OF THE INTERNATIONAL ASTRO- 
nomicaAL Union, Vol. VII, edited by J. H. 
Oort, 1950, Cambridge University Press. 552 
pages. $7.50; 42 shillings. 

This volume covers the proceedings of the 
seventh general assembly of the I.A.U., held 
in Zurich in 1948. It includes the minutes of 
the various general sessions, texts of the reso 
lutions adopted, reports of the commissions 
and commission meetings, texts of the sym- 
posia presented, general information such as 
the statutes of the I.A.U., and lists of the 
membership of the entire organization, of com- 
missions, and so on. 


Our NaturaL Universe —Including Man, 
Percy A. Campbell, 1950, College Offset Press, 
150 N. 6th St., Philadelphia 6, Pa. 75 pages. 
$2.00. 

The author seeks to interpret in his philoso- 
phy a great variety of natural and metaphys- 
ical phenomena. 








GLEANINGS FOR ATM’s 


EDITED BY EARLE B. BROWN 


AN EFFICIENT SYNCHRONOUS TELESCOPE DRIVE 


TYAUL B. SWEGER, of Rockford, 

Ill., sends the accompanying pictures 
and a description of his synchronous mo- 
tor telescope drive. 

A 3,600-r.p.m. Barber-Colman — syn- 
chronous motor operates with a built-in 
30,600/1 gear reduction. Thus, the output 
shaft makes one revolution in 8% minutes. 
This shaft has a long extension, as shown 
in the illustrations. A 169-tooth gear on 
the polar axis is driven by a single-thread 
worm on the end of the output shaft, 
giving a final drive speed of one revolu- 
tion in 23 hours, 56 minutes, 30 seconds, 
or 26 seconds slow with respect to the 
sidereal day. This error is useful in aiding 
correction for atmospheric refraction, as 
described by Mr. Sweger in the February, 
1950, Gleanings. 

A noteworthy feature is the mounting 
of the output ghaft at a slight angle to the 
plane of the polar axis gear. This keeps 
the motor box out of the way of the 
declination axjs. The angle is equal to 
the thread helix angle of the worm; thus 
a straight spur gear is used on the polar 
axis to mesh with this worm. 

The setting circles on the instrument 
are adapted to the mounting in the 
following manner. The declination circle 
is around the pipe flange into which the 
declination shaft is screwed, and is read 
from a pointer that extends out from the 
pipe tee that serves as a declination shaft 





This closeup of the Sweger mounting 

also reveals the usefulness of a tree 

stump as a telescope mounting support. 

One of the Alnico magnets is set close 
to the pipe tee. 


bearing. A steel disk is fastened to the 
lower side of this tee, and there is a 
leather disk between the steel disk and 
the right ascension drive gear. This makes 
a disk clutch, and the weight of the tele- 
scope makes just the right amount of 
friction. 

The right ascension graduations are 
around the rim of the right ascension 
gear and are read from two pointers that 





Paul B. Sweger’s reflecting telescope, 


operated with a synchronous motor 
drive that runs 26 seconds slow in a 
sidereal day. 


were made from little Alnico magnets. 
The magnets are set on the steel disk and 
a brass wire that is soldered to them 
extends out to the graduations. When 
the motor is first started in the evening, 
the telescope is pointed to some bright 
star and one magnet is moved around 
until the pointer is on the right ascension 
for that star. The other pointer is set on 
the right ascension plus or minus 12 
hours. When the telescope is on one side 
of the mount one pointer is used, and 
when on the other side the other pointer 
is used. Once these pointers are set there 
is no need of any calculations to find any 
other celestial object because the gradua- 
tions on the gear are moving at the same 
rate as the stars. 

When Mr. Sweger is through observing 
for the evening, the declination shaft is 
screwed out of the pipe flange that is 
fastened to the telescope cradle, and the 
telescope is wheeled into the house on 
a cart made with two 8-inch rubber-tired 
wheels. A garbage can turned upside 
down over the mounting protects it from 
the weather. The base of the mounting 
is a tree stump. 


WAR SURPLUS BARGAINS 


MOUNTED TELESCOPE EYEPIECE — Kellner 
type. Excellent astronomical and other telescopes. 
War surplus. Government cost about $18.00. Focal 
length 24 mm. Lens diameter 23 mm. Unusually 
wide field. 
Stock #5189-Y $3.25 Postpaid 
CROSSLINE RETICLE — Dia. 29 mm. 

Stock #2036-Y 50c Postpaid 


A WONDERFUL BUY 


AMAZING POCKET-SIZE 10-POWER SPOTTING 
SCOPE-Complete With Tripod and Swivel Head- 
Only 514” long—814” high on tripod. Adapted 
from Army telescope and worth many times our 
price. Excellent for clarity and sharpness. Has 
prism erecting system, achromatic objective, Rams- 
den eyepiece. Lenses low-reflection coated. Ideal 
scope for sportsmen and hunters. 

Stock #955-Y $14.95 Postpaid 
POLAROID VARIABLE DENSITY ATTACH- 
MENT — Consists of two mounted Polaroid filters. 
Control knob rotates one about the other giving 
variable density. Used in photography, experi- 
ments in polarized light, controlling light trans- 
mission, etc. 

Stock #693-Y $3.00 Postpaid 
NON-ABSORBING BEAM-SPLITTING MIRROR 
—Latest development! Optically flat to 4 wave 
length. Size: 1-15/16” x 2-15/16”—%” thick. Re- 
flects approximately 50% and transmits approxi- 
mately 50%. No light is absorbed. Has a three- 
layered film which accomplishes non-absorption. 
EON 6 cic ceetenwenscnnse $5.00 Postpaid 


BINOCULAR BARGAINS 


An opportunity to 
own a truly fine pair 
of American - made 
glasses at substantial 
savings. Precision 
built by Anchor Op- 
tical Co., our Binocu- 
lars are lightweight, 
dustproof, moisture- 
proof, expertly col- 
limated. Optics are 
low reflection coated. 
Metal parts chemical- 
ly treated to prevent 
corrosion. Sturdy 
Carrying Case _ in- 
Anchor Binoculars are guaranteed for 








cluded. 
full year against any defects in workmanship or 


materials. Sold with 10 DAY MONEY BACK 
PRIVILEGE. 

Stock #963-Y ...... Le $75.00 Postpaid 
Stock #964-Y ...... . 85.00 Postpaid 
Stock #965-Y ...... TEE es cece 98.50 Postpaid 
Stock #966-Y ...... FOOe <eccns 99.50 Postpaid 


(Be sure to add 20% Federal Tax) 
——SPECIAL ! SPECIAL !—— 
RONCHI RULINGS | 


Black Line Grating 
Plate glass with etched parallel black lines — 
space between the lines is same as thickness of 
the ruled line itself. Made by photographic proc- 
ess. Number of lines per inch ranges from 65 
to 133 as shown below. Normally cost $4.00 to 
| $5.00 per sq. inch. Used for fine measuring, test- 
ing and measuring astronomical mirrors, testing 
and 




















microscope objectives, camera objectives, 
| magnifiers, used in pairs to see diffraction pat- 
} tern. (Some seconds, with slight scratches.) 
| 1 in. x 1 in. 2 in. x 2 in. 
Stock Lines Stock Lines 
No. Per In. Price No. Per In. Price 
2122-Y 5 $ .75 | 2133-Y 65 $1.50 
| 2126-Y 85 -75 | 2134-Y 85 1.50 
| 2127-Y 110 1.00 2136-Y 110 2.00 
| 2128-Y 120 1.00 | 2137-Y 120 2.00 
2129-Y 133 1.00 | 2138-Y 133 2.00 


All above sent Postpaid. 
FIRST-SURFACE MIRRORS 


Stock #539-Y—60 mm. x 80 mm. .. 75¢ Postpaid 
Stock #558-Y—45 mm. x 74 mm. .. 50¢ Postpaid 
Steck 547-Y—43 mm. x 140 mm. .. 50c Postpaid 
Stock #534-Y—25 mm. x 29 mm. .. 25¢ Postpaid 


SIMPLE LENS KITS!—THE LENS CRAFTERS 
DELIGHT! Fun for adults! Fun for children! 
Kits include plainly written illustrated booklet 
showing how you can build lots of optical items. 
Use these lenses in photography for copying, 
ULTRA CLOSE-UP SHOTS, Microphotography, 
for ‘Dummy Camera,” Kodachrome Viewer, De- 
tachable Reflex View Finder for 35-mm. cameras, 
Stereoscopic Viewer, ground glass and enlarging 
focusing aids. And for dozens of other uses in 
experimental optics, building TELESCOPES, low 
power Microscopes, etc. 

Stock #2-Y—10 lenses .......... $1.00 Postpaid 
| Stock 45-Y—45 lenses $5.00 Postpaid 
| Stock #£10-Y—80 lenses .......... $10.00 Postpaid 
|We Have Literally Millions of WAR SURPLUS 
| LENSES AND PRISMS FOR SALE AT BAR- 
| GAIN PRICES. Write for Catalog ““Y’—FREE! 


Order by Stock No. Satisfaction Guaranteed 


EDMUND SALVAGE CO. 


| 
BARRINGTON, NEW JERSEY 


December, 1950, SKY AND TELESCOPE 41 











Coated Astronomical Objective 
3% inch by 50-inch focal length, air spaced, 
in black anodized duraluminum barrel. 


e/ndividually hand corrected and figurede 
Price $62.00 


Dioptric Engineering Laboratories 
47 West 56th St., New York 19, N. Y. 











Amateur 


Telescope 
Makers 


Supplies 
Ramsden 
Eyepieces 
Combination 
Eyepiece and 
Prism Holders 
Mirror Cells 
Finders 


/ 





Equatorial 
Mountings 
Prisms 
Send for a 
price list 


25 Richard Road 
C. C. Young East Hartford 8, Conn. 











LEON CAMPBELL 


Agent for New and Used 
Astronomical Equipment 
REFRACTORS 


2%-inch to 5-inch, complete 








Altazimuth or Equatorial 


REFLECTORS 


8-inch and 12-inch, complete 





Altazimuth or Equatorial 
15-inch Brashear Objective in cell 
Lenses and Mirrors on Order 


Miscellaneous Eyepieces 


Write for complete information. 
96 Hammond Street Cambridge 38, Mass. 














SKY-SCOPE | 


The new and improved 31/2-inch 
Astronomical Telescope that 
amateurs everywhere are 
talking about. 
Completely Assembled—$25.00 
Equatorially Mounted, 60 Power 








Y%-wave Aluminized Mirror 

Ramsden Type Ocular 

100x & 35x Supp. Eyepieces, ea. $5.00 

We invite your attention to our free bro- 

chure describing in a straightforward man- 

ner the instrument’s amazing performance. 
THE SKYSCOPE CO., INC. 

475-s Fifth Avenue, New York 17, N. Y. 
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AN UNUSUAL REFLECTOR 


NE of the enclosed photographs 
shows my telescope, an 8-inch re- 
flector of 96-inch focus, built on the three- 
reflection principle. The primary is housed 
in the box-like arrangement. The second- 
ary mirror is swung on a pivot in a brass 
fork, which in turn is pivoted on the end 
of the outrigger, and is controlled by rods 
which extend to the eyepiece end, above 
the primary. The third mirror is placed, 
at a nearly 45-degree angle, just above the 
primary, and facing the secondary. The 
eyepiece holder is a fixture immediately 
above the third mirror, and makes ob- 
servation of objects more than 30 degrees 
above the horizon an easy matter, by 
simply looking down into the eyepiece. 
Of course, I can use two mirrors only, if 
removing the third mirror, 
and have an eyepiece pointing at the 
secondary. The long rods (seen in the 
photograph) are for collimating all the 
mirrors; and save a lot of trouble. The 
secondary mirror is about 66 inches from 
the primary, and the image from the 
secondary comes to a focus on a plano- 
concave lens in the focusing tube (shown 
in the photo) which is also controlled by 
a rod from the eye end of the telescope. 
The other photograph is of a drawing 
I made at the telescope in 1947 to show 
detail on the sun, with the mirror stopped 
down to six inches. My method to ob- 
tain the drawings was to project an image 
of the sun about five inches in diameter 
and measure off all prominent spots cor- 
rectly on the paper. Then I increased the 
focused image to about 16 inches, filling in 
all detail and smaller spots. I compared 
such drawings with some photos of the 
sun in your journal at the time; and I 
was satisfied with their correctness. They 


needed, by 





Rods are used by Mr. Chapman to col- 

limate the three mirrors of his long- 

focus reflector; but the secondary may 
be used off-axis, if necessary. 


1950 








The sun on May 26, 1947, as drawn by 


Clive Chapman, using a _ projection 
method with his 8-inch reflector. North 
is at the top. 


show what can be done by drawing at the 
telescope. The drawings are about 8% 
inches in diameter, and naturally show 
far more detail than the photograph. 

A meteor trail with a distinct curve I 
observed on April 15, 1950, was the most 
curious thing I have ever seen in my as- 
tronomical experience of over 40 years. 
I happened to be looking at the Hydra- 
Cancer region when I saw the meteor 
flash into sight. The trail extended from 
Alpha Hydrae to about 2° north of Zeta 
Hydrae, then, to my surprise, came to a 
dead stop for fully % second. It then 
shot off at its previous speed toward Beta 











SKY-GAZERS EXCHANGE 


Classified advertising costs 10 cents a word, 
including address; minimum charge $2.50 per 
ad. Remittance must accompany order. Inser- 
tion is guaranteed only on copy received by the 
first of the month preceding month of issue; 
otherwise, insertion will be made in next avail- 
able issue. We cannot acknowledge classified 
ad orders. Write Ad Dept., Sky and Telescope, 
Harvard Observatory, Cambridge 38, Mass. 





FOR SALE: 12” Cassegrainian of semiprofession- 
al make, six months old. Enclosed steel tube, 
rack and pinion focusing, three eyepieces. Mir- 
rors by Beede. Heavy equatorial mount, clock 
drive, and 13” circles. Mount by Grandmon- 
tagne. Witil not ship. Offers over $400.00 con- 
sidered. Photos. Would trade on astro-photo 
equipment. Lyle Mehl, 124 St. Philomena Court, 
Peoria 5, 





URANIUM atomic ore, specimens uranium agate, 
carnotite, autunite, uranium salt, $1.00 each: 
four specimens $2.50. Meteorites, genuine, $2.00 
up to $25.00. Laboratory, 2846 Oakley Ave., 
Baltimore 15, Md. 


TELESCOPE OWNERS. See display advertise- 
ment headed ‘‘Good News” in this issue. F. 
Goodwin, 345 Belden Ave., Chicago 14, Ill. 








FOR SALE: 4” Clark refractor, equatorial on tri- 
pod, slow motions, four oculars, stellar diagonal, 
finder. Fine condition. $500.00, William Elliott, 
1927 Matoax Ave., Petersburg, Va. 





WANTED: Used 3” or 4” portable refractor in 
usable condition. Must be reasonably priced. 
Send photo description. J. Marsh, 


and 


Palmyra, N. Y 








FOR SALE: Zeiss Asultur binocular telescope, 
110-mm. objectives. 83 x 52 x %2 power. 
Optically perfect. Exterior condition good. 
Price $1,500.00. D. Whiting, 621 S. Hope St., 
Los Angeles 17, Calif. 

FOR SALE: “Atlas of the Moon,” 33 pages of 


maps showing all known surface features. 10 
close-up drawings under 500x. Price $5.00. 
Erwin Lubin, 215 Schenectady Ave., Brooklyn 
13, BF 
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(ancri and round past Zeta Cancri in a 
broad sweeping curve, gradually fading 
out. Its brghtness when first seen was 
equal to Alpha Hydrae, its color bluish, 
like Rigel. The length of the straight 
portion of the trail was about 16°, and 
the curved part about 22°. To say I was 
astonished is putting it mildly, and, be- 
lieve me, I was wide awake; it was only 
8 p.m.! Now what could cause the me- 
teor to stop suddenly in its swift flight. 
Did it hit something? There was no sign 
of any extra brightness which would be 
caused by such a coll’sion. 
CLIVE CHAPMAN 
11 Forth St., Woollahra 
Sydney, Australia 











HARD BER-AL COATING 
Our exclusive high-reflectivity BER-AL 
coatings are free from chromium and they 
are not overcoated with fluorides or quartz. 
They can be removed easily, when desired, 
without harm to the glass surface below. 
Prices for BER-AL coatings, f.o.b. Chicago, 
are: $2.50 for 6” diameter mirrors, $3.50 
for 8”, $5.00 for 10”, and $8.00 for 1214”. 


Larger sizes up to 24” diameter on request. 


LEROY M. E. CLAUSING 


4544 N. Western Ave. Chicago 25, Ill. 








Goodwin 3x Barlow 


Th 
LEN mo of 1.75” negative focal 


length is creating a Barlow furor over 
the nation—by giving sharper, clearer 
definitions with up to 3x the magnifica- 
tion on each lower-power eyepiece. 
Free 12-page revised symposium ex- 
plaining the Goodwin Barlow lens, with 
talk titled “Your Telescope” (per other 
ad herein), will be sent on receipt of 
long self-addressed envelope bearing 
two 3c stamps return postage. 


FRANK L. GOODWIN 
345 West Belden, Chicago 14, Illinois 














BINDERS 
for SKY AND TELESCOPE 


File each issue as it comes ...a 
new type of binder holds a year's 
issues . . . opens flat for quick use 
of your magazines . .. dark blue 
fabrikoid with SKY AND TELESCOPE 
gold-stamped on cover and back... 
reuse from year to year or keep each 
volume permanently bound in this 


form... $2.95 postpaid 


($3.50 in Canada) 
Orders accepted for delivery in the 
United States and Canada only. Pay- 
ment must accompany your order. 
If you wish, your name gold-stamped. 
50 cents extra; volume number, 30 
cents; both, 75 cents. Please print the 
desired lettering clearly. 
SKY PUBLISHING CORPORATION 
Cambridge 38, Mass. 














A REFLECTOR FOR SWEDEN 


NCLOSED is a photograph of an 8- 
inch reilcc.or which | iiave made for 
the famous Swedish sculptor, Carl Milles, 
who is greatly interested in astronomy. 
The instrument was planned with portabili- 
ty as a requisite. The focal ratio was there- 
fore kept somewhat shorter than the 
traditional f/8, so that the eyepieces are 
accessible from the ground at all points. 
In an. attempt to combine lightness with 
strength and yet to avoid the expense of 
aluminum, the tube is made of standard 
steel conduit tubing such as used by 
electricians. Common strap iron was used 
for the hexagonal rings which appear at 
the declination axis and at each end. The 
fork is made of angle iron sawed one-half 
through at the corners and bent at right 
angles. The gap which was left was filled 
by welding a square piece of strap iron 
into it. 

There is probably no single extra built 
into a telescope that makes for easier 
observation than a rotating tube which 
holds the eyepieces. This is not an easy 
mechanical problem for the amateur, 


Warner Williams’ 8-inch reflector is 
made with steel conduit tubing. 


even with a cylindrical tube. In this case, 
my solution was to make three eyepiece 
holders (the third, in the picture, is con- 
cealed behind the finder). Any power eye- 
piece can then be used in any of the three 
positions. The diagonal holder can be 
revolved upon its axis, and there is a dial 
to indicate when the diagonal is exactly 
facing each eyepiece. 

The casters on the base support have 
small cranks which can be turned against 
the wheels to lock .them when the tele- 
scope is in use. 

WARNER WILLIAMS 
Culver Military Academy 
Culver, Ind. 


W/V AS RT 
PORTABLE REFRACTORS 





CHRISTMAS TIP! 


If you haven't been able to work a Saturn 
Refractor into your budget before, why 
not suggest it as the Christmas present 
you have always wanted? You would be 
surprised at the number of three and four 
inch refractors we ship for Christmas 
delivery. 


Saturn Refractors are capable of serious astro- 
nomical research; are precision made by the 
West's largest makers of observatory instru- 
ments. Objective lenses are highest grade pre- 
cision ground, achromatic f-15 crown and flint 
glass; all moving parts are precision machined. 
Both 3 and 4 inch refractors are easily port- 
able, even though the 3” has a 45 inch focal 
length and the 4” has a 60 inch focal length. 


Cost of the 4” is $345. Larger instruments 
manufactured to order. 


Write for literature giving full informa- 
tion on Saturn Refractors. 

2528 Grove Street 
Berkeley, California 














New Low Prices on PYREX 
Reflecting Telescope Kits 





Two circle dials with every Pyrex Kit. 


The most complete kits on the market. 

In addition to the usual supply of abra- 
sives, rouge, etc., you get the new, fast-pol- 
ishing cerium oxide to save hours of work. 

You can get a brass diagonal holder (spi- 
der) for only $1.00 additional if ordered 
with a telescope kit. Prices quoted below are 
for a Genuine Pyrex telescope blank and a 
plate glass tool. 


PYREX MIRROR KITS 





121; 
4” to 16” PYREX CARRIED IN STOCK 


PLATE GLASS KITS 
Gx %” .. Sle Cael .. $$ 5B 
ae oo Lene 7.25 93%” x 11%" 12.50 
Postage Paid to Ist and 2nd postal zones from 


N. Y. Add 5% 3rd and 4th zones, 10% 5th 
and 6th zones. Add 15% 7th and 8th zones. 


Parabolic pyrex mirrors made to order. 
Send for free catalog of optical supplies. 
DAVID WILLIAM WOLF 
334 Montgomery St. Brooklyn 25, N. Y. 
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WAR SURPLUS BARGAIN 


PTICS 


ACHROMATIC TELESCOPE OBJECTIVES — 
Perfect Magnesium Fluoride Coated and ce- 
mented Gov't. Surplus lenses made of finest 
Crown and Flint optical glass. They are fully 
corrected and have tremendous resolving power 
and can be readily used with 4” F.L. eye- 
pieces. Guaranteed well suited for Astronomical 





Telescopes, Spotting Scopes, etc. Gov't. cost 
approximately $100.00. 

Diameter Focal Length Each 
54mm (2%”) 600 mm (23%”)....$12.50 
78mm (3 1/16”) 381mm (15”)...... 21.00 


78 mm* (3 1/16”) 451 mm (17%”).... 21.00 


81 mm (3 3/16”) 622 mm (24%4”).... 22.50 
83mm (3%”) 876mm (34%4”).... 28.00 
83mm (31%4”) 1016 mm (40”)...... 30.00 


*Not coated 
We can supply ALUMINUM TUBING 
® for the above lenses. i 


SYMMETRICAL EYEPIECE LENS SET — 
These sets consist of two Magnesium Fluoride 
coated and cemented achromats, exact Gov't. 
spacing. Diagram. Gives wide flat field. 

” E.F.L. (20X) Lens Set—13 mm Dia. $4.50 
4” E.F.L. (18X) Lens Set—18 mm Dia. 3.50 








wonderful Gov't. Surplus buy of Lens 
Paper which was made to the highest Gov't. 
standards and specifications. 
500 sheets size 74%” x 11”. 


$1.00 || 8 


| LENS CLEANING TISSUE—Here is a 








TELESCOPE 


Coated Lenses 


40 POWER 
elk amannell 


FOUR TELESCOPES in One because of Ad- 
justable Power Eyepiece 10X, 20X, 30X and 
40X. _Magnesium fluoride hard coated precision 
American-made lenses. Achromatic objective 
iens 24%” (53 mm) dia. Length closed 914”, 
open 2744”. Genuine leather covering. is 


Weight 28 ieseaerenesawaul $35.00 


Smaller Model 40-power telescope 1 7/16” 
(36 mm) objective, length open 


tl Only $27.50 


Rectangular Magnifying Lens Seconds, | 








9eR» 5 





” 


oz, 


sells for $6.50. Size 2” x 4” ........ $1.00 
Optical Peep Sight Use as camera 

view-finder, ete. Dia. 1%4”, weight 

SER SSeS A reps Sea keetts -50 


Fun for Young and Old. 
10 assorted lenses and booklet. ...... 
First Surface Mirror 12”x15” 14” thick 
First Surface Mirror 8”x10” 14” thick 
First Surface Mirror 4”x 4” 1%” thick ... 
First Surface Mirror 114”x114” 1/16” thick 






Mounted eyepiece has 2 per- 






















fect achromatic lenses 29 
mm in dia. Designed in 
orde r to give good eye re- 
lief. Cell fits 1%” tube. 
14%” E.F.L. (8X). $4.50 


1%” E.F.L. (5%X) $4.00 





3x ELBOW TELE- 
SCOPE Makes a 
nice low-priced find- 
er. 1” Achromatic 
Objective. Amici 
Prism Erecting Sys- 


tem, 1%” Achro- 
> matic Eye and Field 
Lens. Small, com- 


pact, light weight, 
9 
< 8. 


Gov't. Cost $200. 


Plair Optics $6.50 Coated Opties $10.50 


“MILLIONS” of Lenses, etc. 
Free Catalogue 











We pay the POSTAGE C.O.D.’s you pay 
postage. Satisfaction guaranteed or money re- 
funded if merchandise returned within 10 days. 


A. JAEGERS 93-088 95 AVE. 


OZONE PARK 16, N. Y. 
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OBSERVER’S PAGE 


Universal time is used unless otherwise noted. 


CONFIGURATIONS OF JUPITER’S SATELLITES 


HE PAGEANT of Jupiter’s four Gali- 

lean satellites is a never-ending one 
that is of great interest to the observer 
with a small telescope. Even modest 6x 
binoculars suffice to render the moons 
easily visible except when they are near 
the planet. At such times, a modest in- 
strument allows one to note the eclipses 
and occultations, physical and shadow 
transits, which take place daily and are 
predicted in the American Ephemeris and 
Nautical Almanac. 

On rare occasions, all four moons seem 
to disappear as the intervals during which 
they are “invisible” overlap, and the planet 
then seems to shine without any attend- 
ants. It is the purpose of this article to 
describe such circumstances and show the 
consequences of a very unique relation of 
the mean synodic periods of the first three 
bright satellites. 

These moons revolve essentially in the 
plane of the planet’s equator at a very 
small inclination to that of Jupiter’s orbit 
about the sun. Accordingly, the orbits ap- 
pear to open and close just as do Saturn’s 
rings, although to a very much lesser ex- 
tent. As a result of this small inclination, 
the inner three of the satellites undergo 
occultation and transit during each revo- 
lution, while the fourth one passes above 
or below the disk about half of the time. 

The mean synodic periods of the moons 


are: I 1.7699 days 1.0 
II 3.5541 days 2.008 
III 7.1664 days 4.049 
IV 16.7536 days 9.466 


The third column shows the period of 
each in terms of the first; each number 
is the period of the satellite in question 
divided by 1.7699. 

It can be seen that the first three go 
through a cycle of a little longer than a 
week during which eclipses, occultations, 
and transits are repeated. At the end of 
the cycle each returns to nearly its origi- 
nal position with respect to the line joining 
Jupiter and the sun. Compare their posi- 
tions on December 6, 13, 20, and 27, by 
examination of the accompanying chart. 

Laplace first pointed out an interesting 
relation among the longitudes of these 
three satellites, defining the angle U as: 
U-L, 3L; + 2L; 180°. This can be 
seen to be true if they are arranged about 
the planet as in Fig. 1, where the num- 
bers indicate the scale of longitude meas- 
ured counterclockwise to 360°. For con- 
venience, we shall have the zero of the 
scale always in the direction of the sun. 
If the periods of revolution. were exactly 
1:2:4, the angular velocities being the re- 
ciprocals or 1:4%:%, this relation would 
obviously be satisfied. 


UNIVERSAL TIME (UT) 


TIMES used on the Observer’s Page are Greenwich 
civil or Universal time, unless otherwise noted. 
This is 24-hour time, from midnight to midnight; 
times greater than 12:00 are p.m. Subtract the 
following hours to convert to standard times in 
the United States: EST, 5; CST, 6; MST, 7; 
PST, 8. If necessary, add 24 hours to the UT be- 
fore subtracting, and the result is your standard 
on on the day precedmg the Greenwich date 
shown. 


1950 


The order conceived by Laplace is a 
consequence of the law of gravitation. 
Forces tend to maintain the angle U near 
180° so that any departure therefrom is 
effective as only a small oscillation. How 
is this possible when the periods of rev- 
olution are not exactly in the ratio of 
1:2:4? 


Fig. 1. The or- 
bits of Jupi- 
ter’s first three 
satellites are 
drawn to scale. 
“A” is the di- 
rection to the 
sun. 


60 


120 


180° 


Imagine the moons to revolve counter- 
clockwise at constant velocities, in con- 
centric circular grooves on a disk having 
Jupiter at its center, and in periods which 
are in the above ratios. Let them be ar- 
ranged along the line A on this disk as 
shown in Fig. 1. Satellites II and III are 
in mutual conjunction with respect to the 
planet, while I is in opposition to the 
others. Now follow them through a com- 
plete cycle of one revolution of IIT. Other 
conjunctions and oppositions of two or 
three satellites occur as shown in Figs. 
2-8. At the end of one revolution of ITI, 
II has gone around twice, I has revolved 
four times, and the positions are the same 
as at the beginning. Note that at no time 
are all three satellites in line with the 
planet and on the same side of it. 

Next superimpose upon these motions 





JUPITER’S SATELLITES 


Jupiter’s four bright moons have the positions 
shown below for the GCT given. The motion of 
each satellite is from the dot to the number desig- 
nating it. Transits of satellites over Jupiter’s disk 
are shown by open circles at the left, and eclipses 
and occultations by black disks at the right. Re- 
produced from the American Ephemeris and Nauti- 
cal Almanac. 





Configurations at 0" 30 for an Inverting Telescope 
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Figs. 2 to 9. 


a slow clockwise rotation of the disk. The 
moons will now line up along A a little 
before III has completed one revolution, 
as in Fig. 9. Since the innermost revolves 
fastest, it will complete four revolutions 
first, then II will complete two revolutions, 
and finally III will return to zero longi- 
tude while the others will have gone 
farther. 

Let us pause to consider the actual con- 
figurations that are listed in the almanacs, 
referring to Fig. 1 again. Since the sun 
lies in the direction of zero longitude, the 
shadows of II and III are on the central 
meridian of Jupiter’s illuminated disk 
while I is at mid-eclipse behind the planet. 
The former are at heliocentric inferior 
conjunction while the last is at heliocentric 
superior conjunction. Whenever a moon 
is at 90° or 270° longitude, it is at greatest 
elongation from the planet as seen from 
the sun. For example, in Fig. 3, I and II 
are in eclipse while III is at greatest 
elongation. 

If the earth is directly between Jupiter 
and the sun, the planet is at opposition, 
and the terrestrial observer sees the same 
phenomena at the same time as an imagi- 
nary solar observer. In Fig. 1, satellites 
II and III are at the midpoint of physical 
transit while I is occulted and lies behind 
Jupiter midway between immersion and 
emersion. When the planet is not at op- 
position, there is a lead or a lag in the 
times of occultation and physical transit 
with respect to eclipse and shadow transit, 
respectively. 

Now let us determine the effect of the 
slow clockwise rotation of our imaginary 
disk. The formula for determining the 


period (S) that elapses between consecu- 
tive mutual conjunctions of any two satel- 
lites is 1/Sz = 1/P,— 1/P2, where P, is 
the mean synodic period of I, and P» is the 
mean synodic period of II. This is analo- 
gous to the equation for determining the 
synodic period of a planet, where the 
given data are the sidereal periods of the 
earth and planet. 

We find that Sy is 3.5255 days, or about 
one half of Sz, which is 7.0509 days. The 
fraction of a synodic revolution that III 
has completed at the end of 7.0509 days 
is 7.0509/7.1664, or 0.9839. The remainder, 
1 — 0.9839 = 0.0161 = 1/62.07, represents 
the fraction of the circle that the line A 
has rotated clockwise to bring the time 
of conjunction of II with III a little earlier 
than a complete revolution of III, in Fig. 
9. 

When A has rotated an entire 360°, it 
will again point in the direction of the 
sun, and circumstances of eclipses and 
shadow transits will be repeated. This 
will take place in 62.07 X 7.0509, or 437.6 
days. Dividing this by 365.24, the number 
of days in a year, gives 1.198, which is 
virtually 1.2 years, a very interesting re- 
sult. 

On our imaginary disk with its circular 
grooves, the azimuths at which two or 
more of the moons line up with Jupiter are 
at intervals of 60°, or 1/6 of a circle. 
Therefore, at periods of 1/6 X 1.2, or 0.2 
year, each azimuth in turn will coincide 
with the direction of the sun, and there 
will be simultaneous eclipses and/or 
shadow transits of two or three satellites. 
These occur during seasons at present 
near the following five dates: 

Feb. 17, May 1, July 13, Sept. 24, Dec. 6. 


Each configuration will occur at the 
next later season in successive years un- 
til at the end of six years (five complete 
cycles) it will have returned to the same 
one as before. Two such periods elapse 
in 12 years, a trifle longer than the time 
required for Jupiter to make a revolution 


EARTH 





Fig. 10. The orbits of the earth and 
Jupiter are drawn to scale; the satellite 
orbits are to a different scale. 


about the sun. Many a reader will rec- 
ognize the similarity to the circumstances 
which cause the aspects of Venus to take 
place near certain dates over an eight- 
year cycle. 

This month the direction of A coincides 
with that of the sun on the 6th. On page 
440 of the American Ephemeris are tab- 
ulated the eclipse of I and the shadow 
transits of II and III. I emerges from 
eclipse at 6:23 UT. Midway between the 
times of ingress and egress, the shadows 
are near the central meridian of Jupiter’s 
disk. These come at 5:17 for II and 5:22 
for III. A little earlier, the two shadows 
will pass each other east of the center. 
This should be a fine sight for telescope 
observers in the western United States. 

At that time there will be a noticeable 
separation of the moons themselves, they 
having moved off the planet’s disk at 
different times somewhat earlier. These 
circumstances afford a good opportunity 
to see what happens when the earth, sun, 
and Jupiter are not in the same straight 
line. When Jupiter is at quadrature, as 
happened on November 21st, the earth is 
at greatest elongation from the sun as seen 
at the planet. This is about 12°, and it 
remains nearly at maximum during early 
December. The result is that all physical 
transits precede shadow transits when 
Jupiter is an evening star. Similarly, all 
occultations precede eclipses. When the 
planet is in the morning sky, the reverse 
is true. 

Furthermore, when Jupiter is in the 
evening sky, the direction of A on our 
imaginary disk does not point toward the 
earth until some days after it points to 
the sun. Fig. 10 illustrates the situation 
when the planet is at quadrature and phys- 
ical transits of II and III coincide with 
occultation of I. 

Study of the table on page 440 of the 
American Ephemeris, together with the 
chart facing it that is reproduced here, 
will show that on December 7-8 the moons 
line up as in Fig. 3. These phenomena 
will be easily observed in the early eve- 
ning in the eastern part of the country. 
On the 9-10, they appear as in Fig. 5, 
while on the 11-12, they are as shown in 
Fig. 7. At all of these times, I is in 
eclipse, and the scene for terrestrial ob- 
servers shifts eastward a trifle less than a 
quarter of the way around the world from 
each time to the next. This is a conse- 
quence of the period of I being a little 
longer than 1.75 days. 

The line A points toward the earth on 
December 18th, when I and II are behind 
the planet and III is at greatest elonga- 
tion east. The nearest approach to the 
conditions of Fig. 10 comes on the 20th, 
although the earth has by that time ad- 
vanced a little farther in its orbit than is 
shown in the diagram. Nearly simulta- 
neous disappearance of the three moons 
may be observed in the eastern Pacific. 

Conditions under which all four of the 
Galilean satellites are “hidden” at the 
same time are satisfied only rarely. They 
do not follow any simple relationship such 
as has been demonstrated for the first 
three. This may be expected, since the 
period of IV is not anywhere near com- 
mensurate with the others. Examination 
of the table in this article shows this to 
be true. 

Of course, the four moons cannot all 
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be “hidden” except at such times as the 
direction of A is nearly toward or away 
from the earth and the orbits are sufficient- 
ly closed so that the fourth satellite does 
not miss the disk (or is in eclipse). The 
last time this took place was on March 
4, 1949. The writer saw a near disap- 
pearance of all four on July 29, 1948, 
when IV was at close superior conjunc- 
tion on the south side of the planet, with 


II and III in transit, and I occulted. 

Finally, a variation of great interest to 
the observer with binoculars is the simul- 
taneous greatest elongation of the three 
inner moons. ‘This occurs when A is at 
right angles to the direction of the earth. 
At such seasons the moons stand out 
brilliantly on the same night each week 
for at least two months. Because of its 
great distance and long period, the fourth 





satellite may also be seen on most of 


these occasions. This will next take 

place in March, 1951, but then the planet 

will be overwhelmed by the sun’s rays. 

The moons will be seen to fine advantage 

the following period, during the months of 
October and November of next year. 

PAUL W. STEVENS 

2322 Westfall Rd. 

Rochester 18, N.Y. 








VISUAL OBSERVING PROGRAMS FOR AMATEURS — IX 


Instrumental Limitations 


AWES’ LIMIT. W. R. Dawes, “the 

eagle-eyed” astronomer of the last 
century, determined the closest double star 
separation theoretically resolvable as 
4.56 seconds of arc divided by the aper- 
ture (in inches) of the telescope. Thus 
with a 6-inch telescope, be it reflector or 
refractor, one may expect under good con- 


ditions to separate two stars which are 
only 0”.76 apart. 
In my youth I was able to see stars 


0”.6 apart with my Clark 6-inch refractor, 
but I do not seem able to do better than 
about 2” with my _ 6-inch 
reflector, using 229x, For about 19 out of 
each 20 seconds of time I cannot separate 
such a star, but intermittently it is sud- 
denly seen clearly and widely separated. 
Other amateurs report somewhat similar 
experiences here in New England, such 
as, for instance, intermittent views of 
double stars with a separation of 2”.4 with 
a 9.4-inch reflector, using 90x, and 2”.2 
with a 6-inch reflector, using 105x. This 
relatively poor performance of reflectors 
is undoubtedly caused by the unsteady 
seeing in this region, which seems to af- 
fect reflectors much more than it does re- 
fractors, 

Narrowest Line Visible. In some recent 
naked-eye tests made for the Association 
of Lunar and Planetary Observers, I was 
able to see a wire, against the sky, which 
subtended an angle of only 3” at my eye. 
At the same time I was able to separate an 
artificial double star of about 240” separa- 
tion, center to center. The ratio is 80 to 
that Dawes’ limit is enormously 
larger than the narrowest line one can see. 
With a 6-inch telescope at 300x, allowing 
for atmospheric troubles, telescopic im- 
perfections, and lack of contrast on Mars, 
I estimate that I can see on the mottled 
yellowish surface of that planet a dark 
line, say green or blue or brown, 20 miles 


nowadays 


es sO 


wide. This would be at an opposition 
when Mars’ disk subtends an angle of 
14”. Such a line would subtend an angle 


at the earth of only 0”.067, about 1/11 of 
Dawes’ limit for a 6-inch telescope. Others 
can no doubt do much better. Percival 
Lowell made tests on wires seen against 
the sky, and based on these he thought he 
could detect lines on Mars only a mile 
wide with his 24-inch Flagstaff refractor, 
but my tests indicate that a dark line which 
appears against a mottled surface is not 
as visible as a dark line against a bright 
sky, so it is probable that Lowell’s es- 
timated limit of visibility is too small, 

Magnitudes. We use the magnitudes of 
Stars, meteors, comets, satellites, and 
planets, in much of our work, so it is well 
to review what is meant by the term 
magnitude. 

3right stars are usually referred to as 


being of the Ist magnitude. Actually 
there is no specific star of this brightness. 
Altair at 0.9 and Aldebaran at 1.1 magni- 
tude come as close to it as any. The 
faintest star the eye can see is usually 
referred to as being of the 6th magnitude. 
A star of 1.0 magnitude appears 100 times 
as bright as a star of magnitude 6.0. If 
we study these figures with a table of 
logarithms we will discover that any star 
gives 2.512 times as much light as a star 
one magnitude fainter, and 1.0965 times 
as much light as a star 0.1 magnitude 
fainter than itself. For ordinary purposes 
we can consider these ratios as 2.5 and 1.1. 

Nowadays we are all familiar with watts, 
because electric light bulbs are rated in 
watts, so the following approximate analo- 
gy may make matters clearer. 


Magnitude VW atts Magnitude W atts 
8.0 15 2.0 400 
7.0 4 1.0 1,000* 
6.0 10* 0.0 2,500 
5.0 25* =10 6,000 
1.0 60* as 6,600 
3.0 150* 


*Electric light bulbs come in these sizes 

It will be noted that as one drops five 
magnitudes anywhere in the table the 
wattage goes up 100 times, and that a 
change of 0.1 magnitude between the last 
two items corresponds to a 10 per cent 
change in wattage. 

Faintest Star Visible. The following 
table shows the theoretical limits of the 
faintest stars that can be seen with certain 
sized refractors. It also shows the actual 
results obtained by various members of 
the AAVSO who live in New England, 
both with refractors and reflectors, and 
some estimated points based on their ac- 
tual results. 


Inches Refractors Reflectors 
of Theoretical Actual Actual 
Aperture Limit Results Results 
12 14.6 15.37 14.67 
10 14,2 14.97 14,27 
9.4 14.1 14,1* 
8.75 13.9 14,1* 
8 13.6 14.37 13.67 
6 13.1 14.0* 3,0" 
5 12.7 13.47 
1 12.1 12.8* 1? 
3.5 11.9 12.8* 11.97 
3 11.6 121° 
2.75 11.4 11.8* 


* Actually seen by AAVSO members in New 
England 
+ Estimated points based on above 
Those with better seeing or keener eyes 
can perhaps better the results shown in 
the last two columns by a fraction of a 
magnitude. It will be noted that the 
faintest star actually visible with a 6-inch 
refractor is about as faint as that actually 
visible in reflectors of around 9 inches 
aperture. It may be that in climates with 
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steadier seeing reflectors would do better. 

Testing Your Telescope. If you do not 
feel that your telescope is giving good re- 
sults do not hesitate to test it. It is easy 
to give a reflector a rough knife-edge test 
at its focus. Do not use a star because 
the cut-off is too quick. Use Jupiter, 
Mars or Saturn, or Venus if gibbous. This 
tests not only the mirror but the secondary 
and the atmosphere in the tube as well, 
which sometimes shows up as a cold cur- 
rent of air falling alongside the tube wall 
and oozing out like molasses over the 
mirror. However, if the whole ensemble 
has a good figure and the atmosphere is 
not too troublesome, one should get a 
flat cut-off. 

Both reflectors and refractors can be 
tested quite well by using a fairly high- 
power eyepiece, focused on a star, such as 
Polaris, and then moving the eyepiece 
both inside and outside focus and ex- 
amining the resultant images seen. If 
they are not truly circular, then something 
is seriously wrong. The telescope may 
need realignment, or there may be strains 
in the mirror or objective caused by a 
tight or poor fit in the cell, or other 
troubles may be indicated. 

If you have previously tested the mir- 
ror or objective for figure when in its cell 
and tube, you need do no more than make 
an occasional quick test as above after 
each time that the instrument receives an 
inadvertent bump. However, the inside 
and outside focus tests can be used also to 
check the figure and achromatism of the 
objective or mirror. For explanations of 
how to interpret these images, see Bell’s 
The Telescope, Amateur Telescope Mak- 
ing, third edition, p. 428, or other works. 

DAVID W. ROSEBRUGH 
79 Waterville St. 
Waterbury 10, Conn. 


FIREBALL OVER NORTHEAST 

At 7:33 p.m. EST, on Thursday, No- 
vember 2nd, a fireball was seen from 
Montreal to Washington, D. C., and from 
Maine to Syracuse, N. Y. Newspaper 
identification of the flash as a rocket seems 
improbable; it was reported by many as 
equal to the light of the full moon. 





While observing galaxies in Ursa 
Major, James Wesling, of Parsippany, 
N. J., noticed a “bright reddish flash, 


lighting the whole sky with a greenish 
blue light.” Its azimuth was between 30° 
and 34° east of north. 

At Logan Airport in Boston, the control 
tower saw a white streak, very bright, 
moving from around the zenith westward. 
Airplane pilots reported also that a red 
or brown streak persisted for five or 10 
seconds after the meteor passed. No 
flares were observed and no explosions 
heard. The meteor apparently passed 
westward over New England into New 
York State and Canada. Overcast condi- 
tions were general west of Albany. 





THE SUN, MOON, AND PLANETS THIS MONTH 
The sun, on the ecliptic, is shown for the beginning and end of the month. 
The moon’s symbols give its phase roughly, with the date marked alongside. 
Each planet is located for the middle of the month and for other dates shown. 


Mercury remains in the evening sky all 
month, attaining maximum eastern elonga- 
tion on December 15th, 20° 29’ from the 
sun. This is the seventh elonga- 
tion of Mercury this year. The usual num- 
ber is six, but roughly every fourth or 
fifth year there is an extra elongation. On 
the 15th, Mercury sets about 1% hours 
after the sun and is of magnitude —0.2. 
Careful observation will reveal the elusive 
planet from the Ist to about the 25th. 

Venus, in the evening sky since last 
month, emerges sufficiently far from the 
sun to become visible at the end of De- 
cember. Look close to a clear horizon near 
the sunset point shortly after the sun has 
set; you may see Venus only about 12 
degrees from the sun. 

Earth will reach heliocentric longitude 
90° on December 22nd at 10:14 UT. 
Winter commences in the Northern Hemi- 
sphere and summer begins in the Southern 
Hemisphere. 

Mars continues its rapid eastward mo- 
tion, setting 2% hours after the sun. Re- 
maining of the Ist magnitude, Mars is 
nevertheless inconspicuous because of its 
nearness to the sun. 

Jupiter, on the meridian at sunset De- 
cember 22nd, sets five hours later. It re- 
mains the brightest object in the night 
sky, just outshining Sirius. The Jovian 
disk is 38” in diameter at the equator, an 
excellent object for smaller telescopes. A 
special article on Jupiter’s satellites 
appears elsewhere in this department. 

Saturn, found in the morning sky after 
midnight, remains one of the best objects 
for telescopic study. The rings appear in- 
clined 4° to our line of sight, with the 
northern face visible. The major diam- 
eter is 39”, and the minor is 2”.8, com- 
pared to the planetary disk of 16”. 
Saturn is located near Eta Virginis and 
is of magnitude +1.2 on the 15th. 

Uranus comes to opposition with the 
sun on December 29th, at a distance of 
1,663 million miles from the earth. The 
planet will be in the sky all night, visible 
with slight optical aid; it appears as a 
6th-magnitude “star” about 2%° south- 
west of Epsilon Geminorum, as shown on 
the chart on page 98 of the February 
issue. 


Neptune may be located with a small 
telescope during the early morning hours. 
It is moving eastward about 14° south- 
east of Theta Virginis and is of the 8th 
magnitude; a chart of its path is on page 
98 of the February issue. 

NOTE: On or about December 25th, 
the five naked-eye planets may be viewed 
between sunset and midnight. Venus, 
Mercury, Mars, and Jupiter are less than 
90° east of the sun in that order. Saturn, 
at western quadrature, rises about mid- 
night and will be the lone bright planet 
visible for the remainder of the night. 

E: O, 





DECEMBER METEORS 


Recent observations made by the British 
Astronomical Association have shown the 
Geminid meteor shower to vie with the 
Perseids as the richest annual meteor dis- 
play. Predicted rates are 60 per hour, 
best before midnight. The shower may be 
observed from the 9th to the 14th, with 
its maximum on December 12th. As the 
moon is new on the 9th, its light will not 
interfere this year. The radiant of the 
Geminids is near the star Castor, at 113°, 
+ 32°, and is of the multiple-center type. 
Geminids are of medium speed, generally 
white, and many bright and trained me- 
teors appear, 

A shower newly discovered by the 
British observers, the December Ursids, 
is at maximum on the 22nd. The full moon 
will hamper observations. The radiant is 
at 207°, +74°, near Beta Ursae Minoris, 
with predicted rates of 12 per hour. 


E. QO. 





MINIMA OF ALGOL 
December 3, 7:22; 6, 4:11; 9, 1:00; 11, 
20:49; 34, 18:38: 37, 35:27: 20, 32:12:, 2G, 
9:06; 26, 5:55; 29, 2:44; 31, 23:33. Janu- 
ary 3, 20:22, 
These predictions are geocentric (corrected for 
the equation of light), based on observations made 


in 1947. See Sky and Telescope, Vol. VII, page 
260, August, 1948, for further explanation. 





OCCULTATION PREDICTIONS 

Data for the occultation of Gamma 
Cancri on December 26-27 was published 
in the November issue. 





DEEP-SKY WONDERS 


ager GALAXY NGC 628, M74, at 1° 
34™, +15° 32’, is an Sc spiral, about 
8’ x 8’ in size, and of magnitude 11.2. It 
appeared on the back cover of the March, 
1950, Sky and Telescope. 

Although bright enough to be included 
in Messier’s famous catalogue, M74 is not 
conspicuous. Smyth does not include it in 
his Celestial Cycle (1844), and neither 
does the Reverend Webb in his Celestial 
Objects for Common Telescopes (fourth 
edition, 1881). 

One word of caution may be given here 
about these two books—they do not use 
today’s constellation boundaries, as drawn, 
for instance, in Norton’s Star Atlas, re- 
cent editions of which employ the new 
official boundaries adopted by the Inter- 
national Astronomical Union in 1930. 

NGE 253, 15) 0 45":1, —2S° 34, tea 
galaxy about 22’ x 6’, of magnitude 7, 
which the NGC catalogues as a fine object, 
very bright and large, and considerably 
brighter toward the center. A photograph 
of it appeared on the front cover of the 
May, 1946, issue. The object is mentioned 
by Smyth but not by Webb. It was 
originally discovered by Caroline Her- 
schel, whose talents have been too much 
overshadowed by those of her illustrious 
brother. 

WALTER SCOTT HOUSTON 





PHASES OF THE MOON 


Last GGakt€?: < cusses December 2, 16:22 
New moon ......... December 9, 9:28 
First quarter ...... December 16, 5:56 
Pall moon << .<0 00 December 24, 10:23 
East auaster -...55565 January 1, 5:11 

December Distance Diameter 
Perigee 94 1h 221,700 miles 33’ 29” 
Apogee 224 2h 252,400 miles 29’ 25” 





VARIABLE STAR MAXIMA 
December 19, R Reticuli, 7.7, 043263; 
21, RT Hydrae, 7.6, 082405; 24, R Aquilae, 
6.3, 190108. 


These predictions of variable star maxima are 
by Leon Campbell, honorary recorder of the 
AAVSO. Only stars are included whose mean 
maximum magnitudes, as recently deduced from a 
discussion of nearly 400 long-period variables, are 
brighter than magnitude 8.0. Some of these stars, 
but not all of them, are nearly as bright as maxi- 
mum two or three weeks before and after the 
dates for maximum. The data given include, in 
order, the day of the month near which the maxi- 
mum should occur, the star name, the predicted 
magnitude, and the star designation number, 
which gives the rough right ascension (first four 
figures) and declination (bold face if southern). 
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The sky as seen from latitudes 30° to 50° 


ARS FOR DECEMBER 


Beigel ama brightly overhead in 
early winter evenings 1s the armor of 
Perseus. Famous as the home of Algol, 
the constellation also contains the Double 
Cluster, the radiant of the August meteors, 
and Nova Persei 1901. The Double Cluster 
is easily seen visually as a haze halfway be- 
tween Alpha Persei, Marfak, and Delta 
Cassiopeiae, Ruchbah. The Demon Star 


north, at 9 p.m. and 8 p.m., local time, on the 7th and 23rd of December, respectively. 


itself, Algol, is pictured as in the head of 
Medusa, held by Perseus. 

For information on when Algol is near 
its minimum, see page 47. 

Andromeda’s mother, Cassiopeia, 
west of Perseus in the Milky Way. Curi- 
ously enough, both Alpha of this group 
and the central star of Cygnus come 
directly from the Arabic word for breast; 
Alpha Cassiopeiae is spelled 
while Gamma Cygni is Sadr. 


is just 


however, 
Schedir, 
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Beta in Cassiopeia is Caph, meaning 


hand. 
A small group of mediocre stars west 


of Cassiopeia was named Lacerta by 
Hevelius during the 17th century. 
Apparently the ancients imagined a fore- 
leg of Pegasus in this region, since Pi 
Cygni, east of M39 and across Lacerta 
from Pegasus, bears the name Azelfafage, 
the hoof of the horse. 


OWEN GINGERICH 
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MILKY WAY BOUNDARIES 


The sky as seen from latitudes 20° to 40° south, at 9 p.m. and 8 p.m., local time, on the 7th and 23rd of March, respectively. 


SOUTHERN STARS 


HAT better time of year could a 

southern observer want than March 
in which to study the complex arrange- 
ment of stars once comprising the ship 
Argo Navis, and now divided into the four 
officially recognized constellations of Ca- 
rina, the Keel; Puppis, the Stern; Pyxis, 
the Mariner’s Compass; and Vela, the 
Sails? From these names, one might won- 


der what happened to most of the ship. 

Peter Lum, in his book of star myths 
and fables, calls attention to the idea that 
to the ancients in the Northern Hemi- 
sphere Argo may well have been imagined 
a full-rigged ship skimming along the 
horizon, keeping for a while level with but 
close to land or sea in the distance and 
then setting, a “flying Dutchman” of the 
sky. Hindu tradition, he says, spoke of 
it as “Argha,” the ship of the wandering 


sun in the lake of the sky. Later, Argo 
became Noah’s Ark, but in classical myth- 
ology the ship is that of Jason, in which 
he and a vast retinue of heroes sought the 
golden fleece. 

Canopus, second brightest star as we 
see them, is in Carina. It crosses the 
meridian shortly after Sirius does, and is 
at that time as far south of the zenith as 
Sirius is north of it, for an observer at 
latitude 35° south. 
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A Proposal for the Christmas Star 


HE STORY of the Wise Men from 

the east seeing a star, and then mak- 
ing the long journey to Palestine to pay 
homage to the child Jesus, is one of the 
best known of the Christmas stories. 
The Wise Men are also called the 
Magi, and sometimes the three kings. 
The visit is commemorated in the festi- 
val of Epiphany, celebrated on January 
6th. 

Some assume that this “star” was a 
miraculous light, not explainable by the 
laws of nature. Others assume that a 
perfectly natural phenomenon aroused 
the interest of the Wise Men. Still 
others dismiss the entire story as a myth. 
This_note is for the benefit of those who 
assume the “star” was a natural event. 
Suggestions are that it may have been 
a conjunction or close grouping of two 
or more planets, a bright comet, a bril- 
liant meteor, or a nova. The scriptural 
narrative (Matthew I1) indicates that 
the “star” was something almost or al- 
together outside the previous experience 
of the Wise Men, that it was seen once 
in their eastern country and again 


Bethlehem, that it was regarded as a 
good omen, and that it seemed to stand 
over the house where the child was 
found. 

The requirement that it must hav 
been a relatively new experience for th: 
Wise Men rules out a conjunction o 
close grouping of planets, since the: 
should have seen several such. The two 
appearances separated by a considerable 
time interval rule out anv sincle comet 
meteor, or nova. ‘lhe fact that it was 
regarded as a good omen seems to elimi- 
nate the comet and meteor, which were 
thought to foretell the death rather than 
the birth of a king. 

Let us now rewrite the story on the 
assumption that someone in the com- 
munity where the Wise Men lived 
nearly 2,000 years ago found the planet 
Venus in the western sky one clear day 
at about noon. This star in the daytime 
sky was something quite unheard of by 
the Wise Men, or by anyone else in the 
community. Yet a person with normal 
eyesight could see it quite easily once 
he had found it, and could point it out 








Planetarium Notes 


BALTIMORE: Davis Planetarium. Mary- 
land Academy of Sciences, Enoch Pratt Li- 
brary Building, 400 Cathedral St., Baltimore 
1, Md., Mulberry 2370. 

ScHEDULE: 4 p.m. Monday, Wednesday, and 
Friday; Thursday evening, 7:45, 8:30, 9:30 
p.m. Admission free. Spitz projector. Director, 
Paul S. Watson. 


BOSTON: Little Planetarium. 
seum of Science, Science Park, 
Mass. Richmond 2-1410. 

ScHepuLE: Tuesday thru Friday at 3:30 
p.m.; Saturday, 2:00 and 3:30 p.m.; Sunday, 3 
and 4 p.m. Spitz projector. In charge, Charles 
A. Federer, Jr. 


Boston Mu- 
Boston 14, 


BUFFALO: Buffalo Museum of Science 
Planetarium. Humboldt Parkway, Buffalo, 
N. Y., GR-4100. 


Scuepu.e: Sundays, 2:00 to 5:30 p.m. Ad- 
mission free. Spitz projector. For special lec- 
tures address Elsworth Jaeger, director of ed- 
ucation. 


CHAPEL HILL: Morehead Planetarium. 
University of North Carolina, Chapel Hill, N.C. 

ScHevuLe: Daily at 8:30 p.m.; Saturday 
and Sunday at 3:00 p.m. Zeiss projector. Di- 
rector, Roy K. Marshall. 


CHICAGO: Adler Planetarium. 900 E. Ach- 
sah Bond Drive, Chicago 5, Ill., Wabash 1428. 

ScHEDULE: Mondays through Saturdays, 11 
a.m. and 3 p.m.; Sundays, 2:30 and 3:30 p.m. 
Zeiss projector. Director, Wagner Schlesinger. 

KANSAS CITY: Kansas City Museum 
Planetarium. 3218 Gladstone Blvd., Kansas 
City 1, Mo., Chestnut 2215. 

ScHEDULE: Wednesday and Saturday, 3:30 
p-m.; Sunday, 3:00 and 5:00 p.m. Spitz pro- 
jector. Director, Charles G. Wilder. 


LOS ANGELES: Griffith Observatory and 
Planetarium. Griffith Park, P. O. Box 9787, 
Los Feliz Station, Los Angeles 27, Calif. 
Olympia 1191. 


ScHEDULE: Wednesday and Thursday at 


8:30 p.m.; Friday, Saturday, and Sunday at 3 
and 8:30 p.m.; extra show on Sunday at 4:15 
p.m. Zeiss projector. Director, Dinsmore Alter. 


NEW YORK CITY: Hayden Planetarium. 
81st St. and Central Park West, New York 24, 
N. Y., Endicott 2-8500. 

ScHEDULE: Mondays through Fridays, 2, 
3:30, and 8:30 p.m.; Saturdays, 11 a.m., 2, 3, 
4, 5, and 8:30 p.m.; Sundays and holidays, 2, 
3, 4, 5, and 8:30 p.m.; Wednesdays and Fri- 
days, 11 a.m., for school groups. Zeiss projec- 
tor. Acting Chairman, Robert R. Coles. 


PHILADELPHIA: Fels Planetarium. Frank- 
lin Institute, 20th St. at Benjamin Franklin 
Parkway, Philadelphia 3, Pa., Locust 4-3600. 

ScHEDULE: Tuesdays through Sundays, 3 
p.m.; Saturdays, 11 a.m.; Saturdays, Sundays, 
and holidays, 2 p.m.; Wednesdays, Fridays, 
and Saturdays, 8:30 p.m. Zeiss projector. Di- 
rector, I. M. Levitt. 


PITTSBURGH: BuAl Planetarium and In- 
stitute of Popular Science. Federal and West 
Ohio Sts., Pittsburgh 12, Pa., Fairfax 4300. 

ScHepuLE: Mondays through Saturdays, 
2:15 and 8:30 p.m.; Sundays and _ holidays, 
2:15, 3:15 and 8:30 p.m. Zeiss projector. Di- 
rector, Arthur L. Draper. 


PORTLAND, ORE.: Spitz Planetarium. 
Oregon Museum of Science and Industry, 908 
N.E. Hassalo St., Portland 12, Ore., East 3807. 

ScHEDULE: Tuesday through Sunday, 4:00, 
7:30, and 8:30 p.m.; Saturday show for tots, 
10:30 a.m. Special group lectures by request. 
Spitz projector. Director, Stanley H. Shirk. 


SPRINGFIELD, MASS.: Seymour Plane- 
tarium. Museum of Natural History, Spring- 
field 5, Mass. 

ScHEDULE: Tuesdays, Thursdays, and Satur- 
days at 3 p.m.; Tuesday evenings at 8 p.m.; 
special star stories for children on Saturdays 
at 2 p.m. Admission free. Korkosz projector. 
Director, Frank D. Korkosz. 


STAMFORD: Stamford Museum’ Planetar- 
ium. Courtland Park, Stamford, Conn. 

SCHEDULE: Sunday, 4:15 p.m. Special show- 
ings on request. Admission free. Spitz pro- 
jector. Director, Robert E..Cox. 
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The Persians and the Jews 
of that day were both expecting a mes- 
siah, or great king, and the Wise Men 
interpreted this daytime star in the 
western sky as announcing the birth of 
a messiah to the west, or to the Jewish 


to others. 


people. Eventually they made the long 
journey to see the newborn king, going 
first to Jerusalem for information, and 
then to Bethlehem. 

As the Wise Men approached Beth- 
lehem, they naturally thought about the 
star that had started them on the long 
journey, and on reaching the inn they 
looked for it. Being close to all the 
houses in Bethlehem, they assumed that 
the daytime star would be close to over- 
head. As is often the case for Bethle- 
hem (latitude 31°.7 north), Venus was 
so close to the zenith that to the ordi- 
nary observer it seemed exactly over- 
head. One of the Wise Men found it 
“standing over” the inn, and they as- 
sumed at once that the child must be in 
the inn. 

We might accept the tradition associ- 
ated with the Well of the Magi at 
Bethlehem, which is that one of the 
Wise Men went to the well of the inn 
to draw water. He saw the star 
(Venus) reflected in the clear water of 
the well in daytime, and knew the star 
must be nearly overhead. This told the 
Wise Men they were at the right place. 

C. C. WYLIE 


State University of Iowa 





TERMINOLOGY TALKS 
(Continued from page 31) 


equation of time is changing constantly, 
for noontime the same exact figure will 
not apply, and for other locations than 
the Greenwich meridian interpolation 
in the Ephemeris tables must be made. 

This month is one in which a great 
change in the equation of time takes 
place, for it is reduced to 5™ 14°.78 on 
December 15th; on Christmas Day it 
is practically zero, and the sun in the 
sky and a local time clock are in agree- 
ment; and by the end of the month the 
apparent sun lags behind the mean sun 
by about three minutes. 

The greatest extremes possible for the 
equation of time are given generally 
as — 14” 28° on February rith and 
+ 16™ 24° on November 3rd, these 
dates varying slightly with the calendar. 


The Analemma 

Corrections are often given on sun- 
dials for various dates in order to re- 
duce the readings to mean time. ‘They 
may take the form of what looks 
like an odd figure 8, the analemma, 
and this figure is often included on ter- 
restrial globes (usually somewhere in the 
Pacific Ocean area of the globe). The 
analemma gives in simple fashion the 
equation of time for any day of the year, 
and it also shows the variation in the 
sun’s declination during the vear. 
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OTHER 
TRANSPARENT GLOBES 


CELESTIAL 


TERRESTRIAL 
Colored 


TERRESTRIAL 


“Tool” Globe 
No names or 


color. Furnished 
with crayons for 


marking. 


Prepaid to U.S.A. and 


6-in. 
12-in. — 
36-in. 
6-in. 
14-in. 
36-in. — 


14-in. — 
36-in. 





A WORKING TOOL FOR STUDY OF THE UNIVERSE 


FARQUHAR CELESTIAL NAVIGATION SPHERE DEVICE 1X3 helps the student to 
visualize the importance of the Fourth Dimension — Time — in the study of the physical 
universe. This device, developed for the U. S. Navy and now being used also by the U. S. 
Marines and the U. S. Air Force, shows the observer his sky as it is at any time, any 
day in the year, at any place on earth. The transparent plastic Observer's Dome, 14-in. 
dia., is marked for Azimuth and Altitude every 30 degrees. The transparent Celestial 
Sphere, 12-in. dia., has Sun Pointer, ete. The transparent Terrestrial Globe, 6-in. dia., 
is printed in four colors. Armature consists of Horizon Ring, Fixed Meridian Ring, 
Time Ring and Swinging Meridian Ring. Price: $120.00, prepaid to U.S.A. and Canada. 


FARQUHAR TRANSPARENT GLOBES, 3727 Spruce St., Philadelphia 4, Pa. 
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